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EXECUTIVE SUMMARY 

Introduction 

Brookhaven National Laboratory (BNL) has monitored its releases to the 
environment since its inception in 1947. From 1962 to 1966 and from 1971 to 
the present, annual reports,were published that recorded the emissions and 
releases to the environment from Laboratory operations. In 1998, a report was 
written to summarize the environmental data for the years 1967 to 1970. One of 
the purposes of the currentreport is to complete BNL’s environmental history by 
covering the period from 1948 through 1961. The activities in 1947 were 
primarily organizational and there is no information on the use of radiation at the 
Laboratory before 1948. An additional objective of this report is to provide 
environmental data to the Agency for Toxic Substances and Disease Registry 
(ATSDR). The report does not provide an estimate of the doses associated with 
BNL operations. 

The report is comprised of two parts. The first part is a summary of emissions, 
releases, and environmental monitoring information including a discussion of the 
uncertainties in these data. Part two contains the detailed information on the 
approach taken to estimate the releases from the fuel cartridge failures at the 
Brookhaven Graphite Research Reactor (BGRR). A series of appendices present 
more detailed information on these events in tabular form. 

The approach in this report is to be reasonable, conservative, (pessimistic), and 
transparent in estimating releases from fuel cartridge ruptures. Clearly, reactor 
stack monitoring records and more extensive records would have greatly 
improved this effort, but in accordance with Atomic Energy Commission (AEC) 
Appendix 0230 Annex C-9, many of the detailed records from this time were not 
retained. 

The major facilities in operation during the period of this report were: 

l The Brookhaven Graphite Research Reactor (BGRR) (1950 -1969) 
l The Hot Laboratory (1951-present) 
l The Cosmotron (1953 -1956) 
l The Brookhaven Medical Research Reactor (BMRR) (1959 - 2000) 
l The Alternating Gradient Synchrotron (AGS) (1960 - present) 

These facilities all contributed to airborne and liquid effluent releases. 

Routine Airborne Releases 

Routine air emissions associated with the operation of BNL from 1948 through 
1961 were dominated by those from the Brookhaven Graphite Research Reactor 
(BGRR). Normal operation of the BGRR resulted in the production of 
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radionuclides, of which argon-41 (1.8 hour half-life) was the single largest 
emission from the Laboratory. Other sources of routine radionuclide emissions 
to air included the Brookhaven Medical Research Reactor (BMRR), the Hot 
Laboratory, the Cosmotron and the Alternating Gradient Synchrotron. Table E-l 
summarizes routine airborne emissions from the BGRR. 

Table E-l. Annual routine emissions of argon-41, iodine-l 31 and 
carbon-14 and particulates from the BGRR, 1950 through 1961. 

BGRR 

Argon-41 

===5zsk 
1.2x106 
1.5x IO6 
1.6~10' 
1.7x IO6 
1.7x106 
1.6~10~ 
1.4x106 
3.9 x IO6 
5.1 x IO6 
5.2~10~ 
56x10' 

Carbon-14 

-++.- 

5; 
69 
74 
77 
79 
74 
63 

180 
230 
240 
250 

Iodine-l 31 
(Ci) 

8.0~10~ 
1.4 x 10-l 
1.8 x IO-' 
1.9 x 10-l 
2.0 x 10-l 
2.0 x 10-l 
1.9 x 10-l 
1.6x IO-' 

2.0 
2.7 
2.7 

Particulates 
(Ci) 
1.7 

62 
76 
82 
85 
87 
81 
69 

280 
370 
380 

2.9 400 

External radiation levels, including background as influenced by world-wide 
fallout from atmospheric weapons testing and the increments attributable to BNL 
operations, were monitored at stations located in the central area of the site, at 
the site’s perimeter, and off site. With few exceptions, the only measurable 
increase in external radiation above background attributed to routine BNL 
operations at most of the monitoring stations was caused by the radioactive 
argon-41 component of the BGRR’s effluent cooling-air. 

Data from three environmental monitoring stations for 1959, 1960 and 1961 and 
from the Environmental Monitoring Reports for 1962, 1963, 1964 and 1965 were 
used to estimate the average external exposure in the central portion of the site 
and at the site perimeter per million Curies (Ci) of argon-41 emitted from the 
BGRR. The relationship between the annual amount of argon-41 released by the 
BGRR and the amount of external radiation resulting from these releases 
measured at the perimeter monitoring stations did not vary significantly over the 
years. 

From 1951 to 1957 when the BGRR operated with the natural uranium fuel, the 
maximum external exposure from the argon-41 at the site boundary ranged from 
IO to 14 mR/year. During 1958 to 1961 when enriched fuel was used, the 
maximum external exposure from the argon-41 at the site boundary from the 
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argon-41 ranged from 34 to 46 mR/year. For the central area of the site, in 1951- 
1957 the maximum external exposure was 56 mR/year, and in 1958-l 961 it was 
220 mR/year. 

Fallout from U.S. and U.S.S.R. nuclear weapons tests obscured the contributions 
of any routine airborne particulate gross beta activity from BNL operations as 
measured at the field stations. However, in 1966, as part of a detailed analysis 
of particulate activity released from the stack, gamma-emitting radionuclides in 
air samples from the stack were analyzed daily. That study showed that greater 
than 99% of the gross beta particulate activity resulted from short-lived (less than 
a few hours half-life) radionuclides. 

The 1963 Environmental Monitoring Report (Hull, 1964) noted that in 1963, 2.4 
Ci of iodine-131 were released with an average concentration of 7 x IO-” @/cc 
(microcuries per cubic centimeter). Meteorological evaluations indicated that the 
concentrations at the perimeter stations were much less than 2 x IO-l5 &i/cc. 
Since the iodine-131 routinely emitted in 1958, 1959, 1960 and 1961 ranged from 
2.0 to 2.9 Ci, iodine-131 concentrations at the perimeter stations would have 
been about 2 x 1 O-‘5 @Z/cc. This is five orders of magnitude below the 
permissible level. For 1950-1957 the routine releases of iodine-131 were much 
lower. 

Fuel Cartridge Ruptures 

During the early years of operation of the BGRR, fuel failures occurred which 
resulted in radioactive materials being released to the air stream that cooled the 
reactor. While the air was filtered before it was released from the stack, some 
emissions to the environment occurred as a result of these events. There were 
28 reported ruptures of BGRR fuel during the period 1952-1957. These all 
occurred with the natural uranium fuel. There was one rupture of a uranium oxide 
(U308) sample that was being irradiated for the radioiodine-production’program. 

Releases of noble gases, particulates and radioiodines have been estimated for 
each fuel cartridge rupture. This was done using radionuclide inventories and 
release fractions developed for the Oak Ridge X-l 0 reactor, combined with probe 
readings and other qualitative information available for each rupture. These 
estimates are uncertain, and the assumptions used in deriving them were chosen 
to result in reasonable overestimates. As indicated in the body of the report, it is 
very likely that the estimates of emission releases could be overestimated by a 
factor of 5 or more. 

Estimated releases of particulates for individual fuel ruptures ranged from 0.2 to 
130 Ci. Noble gas release estimates ranged from 33 to 440 Ci, and iodine 
releases for individual ruptures ranged from 63 to 500 Ci (Table E-2 and Figure 
E-l ). 
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The estimated annual noble gas release associated with the BGRR ruptures was 
highest in 1954. The noble gas release from the BGRR ruptures can be seen to 
have been very much smaller than the routine releases of argon-41. 

Table E-2. Estimates of stack releases for fuel-cartridge ruptures in the BGRR. 

11 Rupture 1 Rupture 1 Particulaks (Ci) 1 Iodines (Ci) 1 Noble gases (Ci) 1 
Number date 

1 l/2/52 
2 3/11/52 
3 3/12/52 

1 I/8/53 11 0.3 63 55 
12 11/16/53 1.6 63 55 
13 110 
14 

1Pl7154 
1/22/54- 

17 
ii 

130 
63 55 

15 2121154 25 190 160 
16 4/11/54 20 500 440 
17 6121154 0.9 63 55 
18 716154 17 320 270 
19 6119155 1.1 63 55 
20 IO/l2155 3.9 130 110 

190 160 9 
22 512156 130 320 280 I 
23 1 O/l 9/56 4.9 
24 11/14/56 3.5 
25 l/151 
^^ 

--_ 
130 110 
130 110 

'57 13 250 220 1 
I 3/l/57 0.3 63 55 

27 7123157 0.8 63 55 
28 10/3/57 6.2 130 110 
29* IO/28157 3.0 13 9.1 

*not a fuel element, uranium-oxide slug for iodine production. 

With regard to measurement of the particulates, a major confounding factor in 
assessing the levels of airborne radionuclides associated with rupture events 
was the fallout from weapons tests that took place during this period. Although 
particulate air samplers were in place at the environmental monitoring stations, 
the only available data are those from two rain and settled dust collectors. The 
largest estimated particulate releases from BGRR rupture events in 1954 were in 
February, while the largest value in rain and settled dust was in September. 
Thus, the level of particulates in the rain and settled dust samples and the 
estimated releases from each rupture are not correlated. 

. . . 
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Estimates of the exposures to particulates were obtained from our postulated 
releases combined with a standard meteorological transport dispersion model. 
The particulate deposition values derived in this manner ranged from 32 pCi/m* 
(1.2 Bq/m2) to 9.2 x IO6 pCi/m* (3.4 x IO5 Bq/m*). 

For the radioiodines the deposition ranged from 1.6 x 1 O4 pCi/m2 (5.8 x 1 O* 
Bq/m*) to 7 x IO6 pCi/m* (2.6 x IO5 Bq/m*) for l-131 and from 3.8 x IO4 pCi/m* 
(1.4 x 1 O3 Bq/m*) to 1.5 x 1 O7 pCi/m* (5.7 x 1 O5 Bq/m*) for l-l 33. 

Liquid Releases 

Most of the radionuclide contaminated liquid effluents at BNL originated from the 
BGRR, the Hot Laboratory complex, and from decontamination and hot-laundry 
operations. Smaller contributions came from the Medical, Chemistry and 
Physics facilities. 

Liquid effluents containing small amounts of radionuclides were discharged to the 
1 sewage system. The effluent passed through an lmhoff Tank, where most of the 
solids were removed, was discharged to a large sand-filter from which it was 
collected by an underlying tile field, was chlorinated, and then discharged to the 
headwaters of the Peconic River. 

Table E-3 shows gross beta, strontium-90 and cesium-137 activities at the points 
of discharge from the lmhoff Tank and the Chlorination Plant and concentrations 
at the Site Boundary. From 1951 through 1961, the estimated annual average 
concentration of gross beta at the point of discharge from the lmhoft Tank to the 
sand filter beds ranged from 310 to 780 pCi/l, a range of about 10% to 26% of 
the applicable radiation protection guide of 3,000 pCi/l. The values at the site 
boundary ranged from 25 to 260 pCi/l. 
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Table E-3. Average concentrations (pCi/l) of gross beta, strontium-90 (Sr-90) 
and cesium-I 37 (Cs-I 37) activities at the discharge from the Sewage Treatment 
Plant lmhoff Tank, Chlorination Plant and the Site Boundary. 

)I (pCi/I) 11 (pCi/l) )I (pCi/l) 1951 II 570 I 57 ’ --- ” .-- ’ .- I -. II -- II I 

i 13 II 

Beginning in 1960, downstream surface water grab samples were taken along 
the Peconic River and other nearby surface waters. The yearly average gross- 
beta concentrations at these downstream and control locations are given in Table 
E-4 for 1960 and 1961. 

Table E-4. Yearly averages for 1960 and 1961 gross beta activities 
in surface water samples, pCi/l. 

*estimated from river flow and monthly total releases at the Chlorination Plant. 

The largest yearly average gross beta concentration at the sampled stations was 
an estimated 255 pCi/l at the on-site perimeter station M in 1960. Off site, the 
highest average concentration was 34 pCi/l. 
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Application of the Data Given in this Report 

The data presented here are meant primarily to complete the sequence of BNL’s 
reporting of environmental monitoring data. It will also be made available to the 
ATSDR in developing a public health assessment for BNL. It should be noted 
that while the data in this report form the basis for a screening assessment of 
dose, they are not sufficient to form the basis of a quantitative dose 
reconstruction. 
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Half Lives of Radioisotopes discussed in report 

Radionuclide Symbol 
Argon-41 Ar 
Barium-140 
Bromine-82 
Carbon-l 4 
Cerium-I 44 
Cobalt-60 
Iodine-l 29 
lodjne-I 31 
Iodine-l 33 
Krypton-85 
Lanthanum-140 
Nitrogen-l 3 
Niobiun-95 
Oxygen-l 5 
Phosphorus-32 
Ruthenium-l 03 
Ruthenium-l 06 
Strontium-89 
Strontium-90 
Uranium-234 
Uranium-235 
Uranium-238 
Xenon-l 33 

Ba 
Br 
C 
Ce 
co 
I 
I 
I 
Kr 
La 
N 
Nb 
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PART I - EMISSIONS AND ENVIRONMENTAL MONITORING 

1. INTRODUCTION 

Brookhaven National Laboratory (BNL) was established in 1947 on the former 
site of the Army’s Camp Upton located in central Long Island, New York. From 
the beginning, BNL monitored the environment on and around the Laboratory site 
to assess the contributions of its operations to radiation in the environment. 

Early monitoring focused on radiation, and data were reported in various internal 
documents and in papers presented at scientific meetings. Monitoring data were 
also summarized in the Laboratory’s annual progress reports, which were 
submitted to the U.S. Atomic Energy Commission (AEC). The AEC was a 
predecessor to the U.S. Department of Energy (DOE), which funds BNL today. 

In 1960, the AEC instituted a program for publicly reporting radioactivity data 
collected around major AEC installations. As part of that program, BNL began 
issuing reports to major Long Island newspapers on radiation levels measured in 
the environment. 

In 1963, BNL pioneered the development of an annual environmental monitoring 
report; the first was for calendar year 1962 (Hull, 1963). Reports were also 
prepared for calendar years 1963-1966 (Hull, 1964; Hull, 1966; Hull, 1967; Hull 
and Gilmartin, 1969). 

These reports were not required by the AEC, and therefore were completed 
when time and staff resources were available. As a result, BNL did not compile 
annual reports for the years 1967 through 1970, although environmental 
monitoring continued. 

In 1971, for the first time, these reports became a contractual obligation for all 
AEC facilities. Thus, BNL has prepared a site monitoring report every year from 
1971 onward. 

In 1998, a report was issued summarizing the environmental data collected for 
1967, 1968, 1969, and 1970 thereby filling the gap in BNL’s series of 
environmental monitoring reports beginning in 1962 (Meinhold and Hull, 1998). 

One of the purposes of this report is to complete BNL’s environmental reporting 
history by covering the period from 1948 through 1961. An additional objective is 
to provide environmental data to the Agency for Toxic Substances and Disease 
Registry (ATSDR). 
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This report presents monitoring and emissions data for the early years of the 
Laboratory’s history. These data reflect measurements for 1948-1961 of 
concentrations and amounts of airborne radioactivity, radioactivity released to the 
Peconic River, and external radiation levels in the vicinity of BNL. 

Information in this document comes primarily from monthly Health Physics and 
Safety summary reports, Reactor Operations Monthly Reports, and BGRR 
operating logbooks. Other internal memoranda, published reports and papers 
were also used. Since this information was generated 50 years ago, 
interpretation is always somewhat uncertain. 

The number of significant figures reported from original sources is maintained. 
Calculations and data presented in Appendices use three or more significant 
figures but in light of many uncertainties, the data are rounded off to two 
significant figures in Tables and in the text. 



2. BACKGROUND 

2.1 BNL Site 

Brookhaven National Laboratory is a scientific research center situated in Suffolk 
County on Long Island, about 70 miles east of New York City. Figure 1 shows its 
location and the surrounding communities. From 1948 to 1961, the largest 
nearby populations were the shoreline communities. The land area within ten 
miles of BNL was mostly forested or under cultivation, with a reported population 
of 26,400 in 1948 (BNL, 1948a). 

Figure 2 shows the BNL site and the principal sources of airborne radionuclide 
emissions for 1948-l 961. Most of the airborne radioactive effluents at BNL 
originated from the BGRR with smaller contributions from the Hot Laboratory, the 
Cosmotron, the AGS, and the BMRR. Direct radiation in the environment 
originated from sources in the Biology fields, with smaller contributions from the 
accelerators. Environmental monitoring stations recorded airborne emissions 
from the Laboratory as well as the fallout from atmospheric weapons testing. The 
principal monitoring stations are shown in Figure 2. 

Liquid effluents were collected in the sanitary system and treated at the Sewage 
Treatment Plant (STP), monitored, and discharged to the Peconic River (Figure 
2). 

Figure 3 shows the annual wind distribution observed by BNL’s meteorology 
Group between 1960 and 1973. Nagle (I 975) gives the monthly and annual wind 
roses for 1949 -1951 and 1960 -1973. The wind distribution patterns are similar 
on an annual and seasonal basis. BNL can be characterized as a well-ventilated 
site. Prevailing winds are from the southwest during the summer, from the 
northwest during the winter, and about equally from these two directions during 
the spring and fall. 

From 1947-I 967 the active area of the site was about 3,600 acres. As can be 
seen in Figure I, there was an additional undisturbed tract of land north of Route 
25. In 1968 property was acquired that extended the site to about 5,300 acres. 
Most of the site is wooded, except for a central area of less than 1,000 acres. 

The terrain is gently rolling, with elevations varying between 40 and 120 feet 
above sea level. The land lies on the west rim of the shallow Peconic River 
watershed, with the river itself rising in marshy areas in the north and east 
sections of the site. The Peconic River both recharges to, and receives water 
from, the groundwater aquifer depending on the hydrological conditions. During 
droughts, the river water typically recharges to groundwater, while with normal to 
above-normal precipitation, the river receives water from the aquifer. 
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Figure I. Central Suffolk County, showing the area around 
Bfookhaven National Laboratory. 
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l Continous Operation 

A Seasonal Operation 
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Figure 2.- Principal laboratory sources of, and monitoring stations for, 
environmental radiation. (The site was expanded in 1968, hence the New and 
Old Site Boundary. The High Flux Beam Reactor (HFBR) Came on-line in 1965, 
and shared the stack with the BGRR). 



STATION: BROOKHAVEN NATIONAL LABORATORY 
HEIGHT: 355 ft. 
PERIOD: January-December, 1960-73 

Notes: 

1. The arrowheads formed by the wedges indicate the direction toward which the wind blows 
with the greatest frequency. The predominant wind directions were toward the north- 
northeast and east-southeast. 

2. Each concentric circle represents a 5% frequency. For example, the wind blew toward the 
NNE approximately 12% of the time. 

Figure 3. Annual wind distribution, 1960-73. 
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Studies of Long Island hydrology and geology in the vicinity of the Laboratory 
indicate that the uppermost Pleistocene deposits (referred to as the Upper 
Glacial Aquifer) which are between 31-61 m thick, are generally composed of 
highly permeable glacial sands and gravels (Warren et al., 1968). 

In general, groundwater in the northeast and northwest sections of the site flows 
towards the Peconic River. In the western portion of the site, groundwater flow 
tends to be towards the south, while along the southern and southeastern 
sections of the site, the flow tends to be towards the south to southeast. Figure 4 
depicts the typical groundwater configuration for the BNL site. 

2.2 Major Scientific Facilities and Release Points 

The following were among the major scientific facilities operated at BNL during 
the period covered by this report: 

l Brookhaven Graphite Research Reactor (BGRR) 
l Brookhaven Medical Research Reactor (BMRR) 
l Cosmotron 
l Alternating Gradient Synchrotron (AGS) 
l Hot Laboratory 

Prior to the operation of the major scientific facilities a wide variety of activities in 
the Biology, Chemistry, Physics, and Medical Departments involved the use of 
radioactive material. 

The BGRR came on-line in 1950 and operated until 1969. It was the first reactor 
built in the United States solely to provide neutrons for research, and its size and 
design allowed it to support a large number of research programs 
simultaneously. 

The BMRR is the first nuclear reactor built exclusively for medical and biological 
research, and came on-line on March 15, 1959 and operated until October 2000. 

The AGS and the Cosmotron were used to study the elementary building blocks 
of matter and the laws and forces that govern them. Using these accelerators, 
many new particles were discovered and studied. The Cosmotron operated from 
1953 to 1966. The AGS achieved full energy in 1960 and is still in use. 
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Figure 1-9. 
Groundwater Flow and Elevation (December, 1998) 

Figure 4. Typical water table contour map for the BNL site (BNL, 1999). 
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Other programs involving irradiations and the use of radionuclides for scientific 
investigations were carried out at other BNL facilities, including the Medical 
Research Center, the Biology Department (including two multi-curie field- 
irradiation sources), the Chemistry Department, and the Department of Nuclear 
Engineering. The latter included the Hot Laboratory, where special-purpose 
radioisotopes were produced and processed for on- and off-site use. 

Routine air emissions associated with the operation of Brookhaven National 
Laboratory from 1948 through 1961 were dominated by those from the BGRR. 
Other sources of routine radionuclide emissions to air included the BMRR, the 
Hot Laboratory, the Cosmotron and the AGS. There were also episodic releases 
of radionuclides, such as those associated with fuel cartridge ruptures at the 
BGRR. Direct radiation in the environment originated from the Biology Fields 
sources, with smaller contributions from the accelerators. 

The BGRR also contributed to BNL’s liquid radioactive effluents. Additional liquid 
effluent originated from the Hot Laboratory complex, and from decontamination 
and hot-laundry operations. Smaller contributions came from Medical, Physics, 
and Chemistry facilities. 

Liquids in the sanitary waste system passed through a settling (Imhoff) tank, 
which removed most of the solids. The effluent flowed onto sand-filter beds, from 
which most of.it was directed by an underlying tile field, chlorinated, and 
discharged into a small stream which forms one of the headwaters of the Peconic 
River. Small amounts of radionuclides were released in this effluent to the 
Peconic River and to the groundwater underlying the sand-filter beds. 

Other potential sources of groundwater contamination during this period included 
leakage of material from the on-site sewer pipes, and contamination originating 
from the landfill used to dispose of low-level radioactive material. There were 
also small spills of radioactive material on the ground, which may have 
contaminated the groundwater. There is one documented accidental disposal of 
radioactive material into the water table in July 1960 (see additional discussion in 
Section 6). 

2.3 Environmental Monitoring Program 

An environmental monitoring program was developed at BNL before the BGRR 
came on-line. In preparationfor the operation of the BGRR, a chain of 15 
monitoring stations was established located at distances out to 10 miles in 
various directions from the center of the site. These stations were equipped with 
pressurized ionization-chamber-type monitors for gamma radiation, several 
Geiger-Mueller counters and a moving-tape-type of dust monitor for monitoring 
beta (8) and alpha (a ) emitting radionuclides. These stations were developed by 
the Laboratory’s Instrumentation Division in 1948 when little equipment was 

11 



available commercially. A meteorological group was formed and a 420-foot-high 
tower was constructed and equipped with instrumentation for determining wind 
speed and direction and temperature as a function of height. The environmental 
monitoring program at BNL also was active in monitoring the fallout in rain and 
settled dust associated with world-wide nuclear weapons tests. 

Depending on the level of radioactivity, liquid radioactive waste was either 
collected or combined with the sanitary-waste generated at BNL and discharged 
to the sewage treatment plant. The BGRR-Hot Laboratory complex had a 
separate liquid waste system so that releases to the general sanitary waste 
system could be monitored and controlled. 

There were hold-up tanks at other facilities. Depending on the concentration of 
radioactivity, the contents of these tanks were either released to the sanitary 
waste system or transferred to the Hot Laboratory. When the radionuclide 
concentrations were too high for release to the sanitary system the liquid was 
sent to the evaporation plant which separated the solids from the liquids. The 
solids were treated as radioactive waste and the condensate was monitored and 
released to the sanitary system. 

Samples were collected at the point where the liquid effluent was discharged to 
the sand-filter beds and just before its discharge to the stream near the Peconic 
River headwaters. Samples were analyzed daily for gross activity. Beginning in 
1960, downstream surface water grab samples were taken along the Peconic 
River and other nearby surface waters. 

To understand the potential impact of BNL’s operations on the local environment, 
a geohydrological study was undertaken by the United States Geological Survey 
(USGS) during the period 1950-1952. Groundwater monitoring and an extensive 
study of the groundwater movement at BNL was included in these studies 
(Warren ef a/., 1968). No routine groundwater monitoring was done following the 
USGS study, with the exception of wells installed in the Hazardous Waste 
Management Area in 1960 related to an accidental injection (Section 6). 

2.4 Historical Records 

Historical data were reviewed to gather information on the air emissions from 
BNL from 1948-1961. The data were collected from sources such as facility 
operating records, monthly reports, off-normal incident reports, reactor health- 
physics logbooks, and reactor control room logbooks. 

Many of the materials reviewed in this report were related to reactor operations 
which, at that time, were all marked “Secret” or “Classified”. These materials 
were declassified in the 1950s. 

In accordance with AEC Appendix 0230 Annex C-9, many of the detailed records 
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from this time were not retained. Such items as Daily Operations Reports, log 
sheets, and recorder charts had retention periods of l-6 years. 

The records used to develop the data in this report are described in the 
applicable sections of the report. 

2.5 Radiation Protection Limits 

Radiation Protection Limits applicable at Brookhaven National Laboratory are 
discussed below and summarized in Table I. 

Table 1. Radiation protection limits (1947-I 961). 

*MPC: maximum permissible coricentration 

External 

The external radiation protection limits for 1948-I 961 took the form of 
agreements between the AEC and BNL. There was no independent federal 
agency responsible for establishing limits at this time. In 1947 a letter from 
AEC’s W.E. Kelly to BNL Director P.M. Morse established, on a temporary basis, 
a maximum permissible radiation dose for the public of 3.5 mrem in any 7 days. 
This was 1% of the maximum dose permitted for workers (Occupational Limit) of 
50 mrem/day, i.e. 0.50 mrem/day that results in 7 days/week x .50 mrem/day = 
3.5 mrem/week. 

Over the next several years the Occupational Limit became 300 mrem/week as 
the emphasis changed from controlling daily exposure to weekly exposure. In 
1953, the AEC and BNL agreed to raise the limit for members of the public to 
10% of the-occupational limit, or 30 mrem/week. 

In 1957 the AEC adopted the 1956 Recommendations of the International 
Commission on Radiological:Protection (ICRP 1957; 1958) which introduced an 
occupational limit equivalent to 5000 mremlyr over a working lifetime. Ten 
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percent of 5000 mrem/yr or 500 mremlyr then became the limit for members of 
the public. This remained the limit for 1957-1961, although BNL applied a 170 
mremlyr in late 1960 as recommended by the Federal Radiation Council (Federal 
Radiation Council, 1960). 

Internal 

For emitters that concentrate in the body such as iodine-l 31, the AEC and BNL 
applied the recommendations of the National Committee on Radiation Protection 
(NBS, 1953). These recommendations were radionuclide-specific. 

For example, in that document the tabulated values of the “maximum 
permissible” concentration of iodine-131 in air was 3 x IO-’ $i/cm3 (micro Curies 
per cubic centimeter). The AEC reduced that concentration by a factor of 10 for 
the public. It was modified in 1959 (NBS, 1959) to 9 x IO-’ @Zi/cm3. 

Liquid Releases 

Early in the history of the laboratory AEC and BNL agreed to apply a limit of 3 x 
10m6 pCi/cc (3,000 pCi/l gross beta activity) at the point of discharge to the sand- 
filter beds, with the further stipulation that the total activity discharged per year 
should not exceed 1.5 Curies. 
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3. THE BROOKHAVEN GRAPHITE RESEARCH REACTOR 

Routine air emissions from the operation of Brookhaven National Laboratory from 
1948 through 1961 were do:minated by those from the BGRR. There were also 
episodic releases of radionuclides from the BGRR associated with fuel-cartridge 
ruptures. These airborne emissions are estimated in Section 4, along with 
emissions from other smaller sources. Because of the unique nature of the 
BGRR and its importance to the environmental history of the laboratory, this 
section describes the reactor and its operations in some detail. 

The BGRR (Figure 5) came on-line in 1950 and operated until late 1969. The 
reactor core consisted of fuel cartridges loaded in horizontal fuel channels 
passingthrough a cube of graphite 7.6 m on a side. The graphite acted as the 
neutron moderator and reflector. Figure 6 shows the loading face of the reactor. 

Figure 5. The Brookhaven Graphite Research Reactor. 
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Figure 6. Loading face of the BGRR. 

The core was divided into halves (north and south) by a 7 cm-wide vertical gap in 
the center of the graphite cube. The cooling air was drawn into the reactor at the 
rate of 7600 m3/minute. It passed into the central gap and flowed bi-directionally 
through the north and south halves of the core into the plenum chambers. It then 
entered the north and south air ducts, passed through exit air filters, heat- 
exchangers and a venturi into the fan house where the two ducts join. The fans 
blew the filtered air up a 300-foot stack. The base of the stack was about 50 feet 
above the immediate surroundings. The exit air filters were designed to be 95% 
efficient for total particulates and 89% efficient for 3-4 micron particles. As the 
filter loading increased, its efficiency rose to about 99% (BNL, 1948b; Foelix and 
Hull, 1963). Figure 7 is a diagram of the BGRR cooling air system. 
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Figure 7. BGRR cooling-air system (from Foelix and Hull, 1963). 

From 1950 through 1957/58 the BGRR was fueled with natural uranium. Several 
hundred 1 l-foot finned aluminum cartridges that each held 33 fuel slugs (Figures 
8, 9) fueled the reactor. The fuel slugs were 1 x 4 inch machined right circular 
cylinders of natural uranium. The cartridges were placed in the channels, 
normally one in the south channel and one in the north channel. 

The cartridges were connected to a helium system, which served two purposes. 
One was to provide an inert atmosphere to suppress oxidation of the uranium, 
and the other was to permit the detection of the loss of cartridge integrity by 
observing pressure changes in the cartridges. This helium system was 
developed in an attempt to overcome some of the difficulties experienced at the 
Oak Ridge Clinton X-IO Reactor, which began operations in 1948, used identical 
fuel slugs. 

Evidence of helium leaks alone were not a particular cause for concern, but 
helium losses alerted the operating staff to a potential for a cartridge failure. 
When elevated levels of airborne radioactivity were detected in the cooling air, 
the failed cartridge was termed a rupture and was removed ( “discharged” ) from 
the reactor core. There were 28 reported ruptured fuel cartridges and one 
experimental sample rupture in the period 1952 through 1957. They are 
summarized in Section 4 and discussed in detail in Part II. 

In 1957/58 the aluminum cartridges with the natural-uranium-metal slugs were 
replaced with fuel elements which consisted of three curved plates containing an 
alloy of aluminum and enriched uranium, clad on all surfaces by 0.5 mm of 
aluminum (Figure 10). 
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Figure 8. Natural uranium fuel slug Figure 9. Natural uranium-fuel 
(from BNL, 1948a) cartridges (from BNL, 1948a). 

Figure 10. Enriched fuel element (from BNL, 1956). 
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This replacement was done over a period of 14 months. It began in January, 
1957, when 35 channels of enriched fuel were ioaded into the central core region 
(BNL, 1958). In October 1957, the loading was gradually increased to 157 
channels. The reactor was shut down from March 20 through April 13, 1958 to 
remove all of the remaining natural-uranium fuel from the reactor and to complete 
the loading with enriched fuel. 

The new fuel met several objectives, including a higher neutron flux for the 
experimental program, and improved airflow, which reduced cooling costs. Most 
significantly, these new fuel elements were inherently less subject to damage of 
the fuel, referred to (in the enriched fuel) as a cladding failure. There were no 
reported failures of this new fuel during the period covered by this report (through 
1961). The new fuel did result in an increase in the routine releases of argon-41 
because of the higher neutron flux. Minor surface contamination of the 
aluminum-alloy cladding with uranium which occurred during manufacture, 
resulted in some routine releases of fission products to the cooling air 
(Table E-l). This type of surface contamination is not unique to the BGRR fuel. 



4. AIRBORNE EMISSIONS 

Routine emissions from the operation of Brookhaven National Laboratory from 
1948 through 1961 were dominated by those from the Brookhaven Graphite 
Research Reactor. Other sources of routine radionuclide emissions to air 
included the Hot Laboratory, the Brookhaven Medical Research Reactor, the 
Cosmotron, and the Alternating Gradient Synchrotron. There were also episodic 
releases of radionuclides, such as those associated with fuel-cartridge ruptures 
at the BGRR. 

4.1 Emissions from the Brookhaven Graphite Research Reactor 

4.1 .I Routine Emissions, Natural-Uranium Fuel 

As cooling air passed through the reactor core, certain components of the air 
became radioactive. The most important radionuclide was argon-41, resulting 
from the neutron activation of argon-40, which makes up 0.94% of air by volume. 
This generation of argon-41 is related to the neutron flux which, for a given fuel 
loading, is related to the power of the reactor. Much smaller amounts of carbon- 
14 were also produced by neutron activation of the cooling air. Even smaller 
quantities of other activation products would have been created. 

Occasionally fine particles from automobile exhaust, smoke, and salt spray from 
coastal storms would enter the cooling air stream through the intake filters and 
become radioactive and were seen as temporary increases in the stack air 
monitors. These radionuclides had short half-lives and were unlikely to have 
resulted in measurable releases to the environment. 

For the natural uranium used from 1950 to 1957, data given in BNL (1951) 
provide a value of 6,600 CVday of argon-41 with the BGRR operating at 30 MW 
(220 CVMW-day). This value was used to estimate the argon-41 emitted monthly 
from the BGRR for 1950 through 1957, based on the power level of the reactor in 
MW-day (Figure 1 I, Attachment I-A). Table 2 summarizes the annual routine 
releases of argon-41 from the BGRR. The monthly power levels for the BGRR 
were abstracted from Reactor Operations Monthly Reports for 1950-I 957. 

Carbon-14 emissions also were a function of the power of the reactor for a given 
fuel loading. A report prepared by the Reactor Safeguard Committee (BNL, 
1948b) gives a value of 0.28 Ci/day at 30 MW for the BGRR (ratio of 0.01 
CVMW-day). Attachment I-A gives the estimated monthly carbon-14 emissions. 
A summary of the annual releases of carbon-14 from the BGRR is given in 
Table 2. 
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Figtire 11. Power history of the BGRR, 1950-1961. : . 

Table 2. Annual routine emissions of argon-41, carbon-14, iodine-l 31, 
and particulates from the BGRR, 1950 through 1961. 

1950 
1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 

Argon-$1 

1.2x106 
1.5x106 
1.6~10~ 
1.7x106 
1.7x106 
1.6~10~ 
1.4x106 
3.9x IO6 
5.1 x IO6 
5.2 x IO6 

Carbon-14 
(Ci) 
1.6 

56 
69 
74 
77 
79 
74 
63 

180 
230 
240 

Iodine-l 31 

=T=rsb- 
1:4x IO“ 
1.8x 10“ 
1.9x 10-l 
2.0 x 10-l 
2.0 x IO“ 
1.9x IO“ 
1.6x10-' 

2.0 
2.7 
2.7 

5.6 x IO6 250 2.9 400 
I 
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The natural-uranium fuel slugs were contained in a sealed aluminum cartridge 
with helium gas flowing around them. The potential routine release of 
importance from these slugs would have been fission products that might have 
been swept out of the cartridges by the helium system. Every month, the 
Reactor Operations Monthly Reports state that no fission products were 
associated with the helium leaks, but the detection limit is not given. 

It seems reasonable to make some estimate of the radioiodine and noble gases 
that might have been released when helium leaked out of the system. A 
reasonable estimate can be made using the following assumptions. 

l Inventory of fission products was the same for natural and enriched fuel. 
l Release characteristics of the fission products were similar. 
l Enriched fuel resulted in a release of 0.51 mCi of 1:131/MW-day. 
l 5% of the channels holding the natural uranium fuel had He leaks. 
l Therefore 5% of 0.51 mCi/MW-day of l-131 was released from the natural 

uranium fuel. 

The first assumption is plausible, since although the flux was greater with the 
enriched fuel, the number of fuel channels was smaller and the power level of the 
reactor was lower. The second assumption is that the release characteristics of 
the fission products with natural-uranium slugs were similar to that of the 
enriched-fuel elements. Uranium-235 produces the fission products. Small 
amounts of it existed as a contaminant on the aluminum cladding of the enriched 
uranium-aluminum alloy fuel elements. The unclad natural fuel also. had small 
amounts of uranium-235 on its surface because the fuel is only 0.72% uranium- 
235. 

The remaining assumptions focus on the amount of iodine-l 31 that could have 
been released during normal operations. Section 4.1.2 of this report provides the 
reference for the estimate of 0.51 mCi/MW-day of iodine-l 31 released as a 
function of the power of the reactor for the enriched-fuel loading. This would be 
the release level of iodine-131 from the natural-uranium loading if there were no 
cartridges containing the fuel or if all of the channels leaked enough to sweep out 
all of the iodine-131. However, the data indicate that for 1951 through 1957 only 
5% of the channels had helium leaks. For the six months the reactor operated in 
1950, less than 1% of the channels leaked. Using this information, monthly and 
annual routine releases of iodine-131 were estimated; they are given in Table 2. 
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The 1966 Environmental Monitoring Report discussed the results of a detailed 
study that explored the relationship between measured releases from the BGRR 
stack and the environmental airborne concentrations. Aside from argon-41, 
iodine-131 was the most important radionuclide that would contribute to a 
potential dose that was discharged to the atmosphere from the BGRR. Bromine- 
82 and iodine-133 were released in somewhat larger concentrations. However, 
calculations indicate that due to their shorter half-life and other dosimetric 
properties, the resulting doses from iodine-133 would have been about half that 
of iodine-l 31, and the doses from bromine-82 less than 20% of that resulting 
from iodine-l 31 exposure. 

These analyses do not include estimates of the krypton-85 nor iodine-l 29 
released. These radionuclides are released in much smaller quantities. For 
example, the daily production of iodine-131 was about 2 Ci/day, while that of 
krypton-85 was about 0.4 mCi/day, and iodine-129 is an order of magnitude less 
(see radionuclide release estimates for Rupture Number 8 in Part II, Attachment 
I I-A). 

Small amounts of krypton-85 would have continued to be emitted from the non- 
ruptured fuel elements even after they were removed from the reactor and stored 
in the spent fuel canal. 

Small amounts of particulates were also released during normal operations. In 
the Health Physics and Safety Summary of February, 1954, F.P. Cowan notes 

. that “During normal operation of the pile this monitor indicates release of 
filterable activity at the rate of about 0.14 mCi/min.” This is equivalent to 0.2 
Ci/day. The average monthly power level for 1950-1957 was 555 MW-day, or 
18.5 MW-day for each day of operation. These values were used to derive a 
ratio of 0.01 +I Ci of particulates per MW-day for the natural uranium fuel (Table 
2). 

4.1.2 Routine Emissions, Enriched-Uranium Fuel 

While the BGRR was running with enriched-uranium fuel, the routine emissions 
of argon-41, carbon-14 and iodine-131 were greater than they were when 
running with natural uranium. Routine releases of fission products associated 
with uranium on the surface of the enriched fuel were estimated based on 
measurements made in 1963. 

There are several sources for the relationship between power and argon-41 
released from the BGRR when it was running with enriched fuel, and some 
variations in the estimates. This analysis used a value of 977 CVMW-day, derived 
from measurements published in the BNL Environmental Monitoring Report for 
1965 (Hull, 1967). 



Routine carbon-14 emissions from the BGRR when enriched fuel was used were 
also related to the power of the reactor. No carbon-14 emissions data were 
found, so a ratio was derived using the amount of carbon-14 released per MW- 
day when natural-uranium fuel was used in the reactor as given in Section 4.1 .I, 
and the ratio of argon-41 released per MW-day for natural- and enriched- fuel. 
This value is 0.044 CVMW-day. 

Routine iodine-l 31 and particulate releases from the enriched-uranium fuel 
occurred during normal operations due to trace amounts of uranium that became 
trapped on the aluminum cladding during manufacture. These routine emissions 
can also be related to the power of the reactor, although other factors affected 
the iodine-131 and particulate concentrations and the relationship is not as clear 
as it is for argon-41 and carbon-14. Foelix and Hull (1963)‘repor-t that on 
average 0.51 mCi/MW-day of iodine-131 was released in 1962. A value of 0.07 
CVMW-day of particulates was derived from data in the 1965 Environmental 
Monitoring Report (Hull, 1967). 

Table IA-2 in Attachment I-A gives the monthly power history of the reactor from 
January of 1958 through December 1961. This analysis assumed the enriched 
fuel relationship for argon release to power level beginning in January 1958, 
although the fuel change was not complete until April 1958. This table also gives 
the calculated monthly emissions of argon-41, carbon-14 and iodine-l 31 from the 
BGRR. Table 2 in Section 4.1 .I summarizes the annual routine releases of 
argon-41, carbon-14, and iodine-l 31 from the BGRR. 

As indicated in Section 4.1 .I, the 1966 Environmental Monitoring Report 
reported that bromine-82 and iodine-133 were released in somewhat larger 
concentrations than iodine-131, however, the resulting doses would have been 
smaller. 

4.1.3 Significance of BGRR Routine Emissions 1950-1961 

External radiation levels, including natural background as influenced by fallout 
from above ground nuclear weapons tests and the increments attributable to BNL 
operations, were monitored at fixed monitoring stations located on-site, at the 
site’s perimeter, and off site. The data collected at these stations are discussed in 
more detail in Section 5. 

The measurable increase in external radiation levels above background 
attributed to BNL operations at most of the monitoring stations was caused by 
the radioactive argon-41 component of the BGRR’s cooling-air effluent. 

The relationship between the annual amount of argon-41 released by the BGRR 
and the amount of external radiation measured at the perimeter monitoring 
stations did not vary significantly over the years. Data from perimeter monitoring 
stations for 1959, 1960 and 1961 and from the Environmental Monitoring Reports 
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for 1962,1963,1964 and 1965 were used to estimate the average external 
exposure per million Curies of argon-41 emitted from the BGRR. This is 
discussed in detail in Section 5. 

From 1951 to 1957 when the BGRR operated with the natural uranium fuel, the 
maximum external exposure from the argon-41 at the site boundary ranged from 
IO to 14 mR/year. During 1958 to 1961 when enriched fuel was used, the 
maximum external exposure from the argon-41 at P-9 (the site boundary at the 
time) ranged from 34 to 46 mR/year. 

Fallout from nuclear weapons tests obscured the contributions of any airborne 
particulate gross beta activity from routine BNL operations as measured at the 
field stations. However, in 1966, as part of a detailed analysis of particulate 
activity released from the stack, radionuclides in air samples from the stack were 
analyzed daily. That study, reported in detail in the 1966 Environmental 
Monitoring Report (Hull and Gilmartin, 1969) showed that the gross beta 
particulate activity resulted primarily from short-lived radioactivity. For example, 
in 1966, the particulate activity discharged from the BGRR and the High Flux 
Beam Reactor (HFBR) (HFBR operations began in 1965) stack was 323 Ci. The 
daily analysis showed that less than 0.2 Ci (about 0.06%) of this total was due to 
intermediate and long-lived radionuclides, i.e. those with half-lives of several, 
hours to many da.ys. 

The Environmental Monitoring Report (Hull, 1964) noted that in 1963,2.4 Ci of 
iodine-l 31 were released with an average concentration of 7 x 10-l’ $i/cc. 
Meteorological evaluations indicated that the concentrations at the perimeter 
stations were much less than 2 x IO-l5 pCi/cc. Since the iodine-131 emitted in 
1958, 1959, 1960 and 1961 ranged from 2.0 to 2.9 Ci with an average of 2.6 Ci, 
the iodine-131 concentrations at the perimeter stations would be about 2 x IO-l5 
$i/cc. This is five orders of’magnitude below the permissible level given in 
Table I. For 1950-1957 the routine releases of iodine-131 were much lower. 

4.1.4 Emissions Associated with Ruptures of the Fuel Cartridges 

There were 28 reported ruptures of BGRR fuel during the period covered by this 
report (Table 3). These all occurred with the natural uranium fuel used until 1957- 
58. The severity of the rupture and the quantity of radioactive material released 
were related to how quickly the rupture was detected and the reactor shut down, 
and how long the fuel cartridge was in the reactor before it ruptured. There was 
one rupture of a uranium oxide (U308) sample that was being irradiated for the 
iodine-production program, which is designated Rupture 29 in this report. 

Part II of this report details the approach used in these evaluations. Table 3 gives 
estimates of the radionuclide releases associated with each rupture. 
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These estimates have a high degree of uncertainty because the measurements 
were very rough, and the extent to which the stack monitoring data for a 
particular rupture are relevant to other ruptures is also uncertain. The analysis of 
Rupture 29, where the entire sample is assumed to have been released, 
suggests that particulate releases may be overestimated by about a factor of 5 or 
more (see Attachment II-A). 

The estimated noble gas release associated with the BGRR ruptures was highest 
in 1954 with a value of 1100 Ci of xenon-133. During that year, the routine 
release of the noble gas argon-41 was about 170 million Curies. Although the 
half-life of argon-41 (1.83 hours) is shorter than that of xenon-l 33 (5.2 days), this 
difference is unimportant for exposure out to tens of miles from the reactor stack. 
At longer distances there would have been some decay of the argon but the ratio 
is so large that even if we compare l/2 of the argon-41 to all of the xenon-133, 
we find 1100 Ci Xe-I 33/85,000,000 Ci Ar-41 or for each curie of xenon-l 33 in the 
environment there would have been about 7500 Curies of argon-41. In addition, 
the routine hourly discharge of argon-41 in 1959 was about 650 Ci which is larger 
than the largest noble gas release for any rupture of 440 Ci. 

The overall result of this analysis is that the xenon-133 release from the BGRR 
ruptures is insignificant compared to the routine releases of Ar-41 and to 
standards in effect at the time. 

With regard to the particulates, a major confounding factor in assessing the 
levels of airborne radionuclides associated with rupture events was the fallout 
from weapons tests by the United States and the U.S.S.R. that took place during 
this period (Cowan and Steimers, 1958; Weiss, 1954). These are discussed in 
more detail in Section 5. Although particulate air samplers were in place at the 
environmental monitoring stations, with rare exceptions the only available data 
are from two rain and settled dust collectors. 

Fortunately, detailed meteorological data for this time period are available, so 
rough screening level calculations could be made, utilizing the Lawrence 
Livermore National Laboratory HOTSPOT computer code 3.1. This code was 
developed to assess potential downwind air concentrations and deposition 
values associated with accidental releases. This makes it particularly useful for 
application to the rupture releases, which were both episodic and relatively brief. 

Using this code, the maximum particulate and iodine concentrations were 
calculated for each rupture event using the release data given in Table 3, the 
historical meteorological data and the HOTSPOT gaussian plume transport 
model. 



Table 3. Estimates of stack releases for fuel-cartridge ruptures in the BGRR. 

28 1 o/3/57 6.2 130 110 
29* 1 O/28/57 3.0 13 9.1 

*Not a fuel element, uranium-oxide slug for iodine production. 
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Values of wind speed and direction and the distance to the point of the maximum 
iodine deposition for each rupture using this approach are given in Part II, 
Attachment II-A. The deposition values range from I .2 Bq/m* to 3.4 x 1 O5 Bq/m* 
(32pCi/m* to 9.2uCi/m2 ) for particulates, from 5.8 x IO* Bq/m* to 
2.6 x I O5 Bq/m* (156nCi/m* to 7uCi/m* ) for l-l 31 and from I .4 x 1 O3 Bq/m* to 
5.7 x 1 O5 Bq/m* (37nCi/m* to 15uCi/m*) for l-133. 

4.2 Emissions from the Brookhaven Medical Research Reactor 

The Brookhaven Medical Research Reactor (BMRR) was the first nuclear reactor 
built exclusively for medical and biological research. It came on-line on March 
15, 1959 and operated until October 2000. The BMRR was nominally a 3-MW 
light-water reactor, capable of operating for short periods at power levels up to 5 
MW. The BMRR is housed in a 60-foot diameter steel-and-concrete structure 
adjacent to BNL’s Medical Research Center. 

The reactor core was contained in a cylindrical tank, two feet in diameter in the 
central region. The core was supported upright within the tank by a grid plate. 
The grid plate had space for up to 32 elements and four control rods. Critical 
configurations had been established with as few as 17 elements (BNL, 1960). 

The fuel in the BMRR was enriched uranium, homogeneously dispersed in a 
uranium-aluminum alloy. The reactor used curved-plate fuel-elements made of a 
uranium-aluminum alloy containing 12% by weight fully enriched uranium. The 
BMRR had a peak flux of 5 x lOI neutrons/cm*/sec (ERDA, 1977). 

The core was moderated and cooled by the forced circulation of light water. The 
water flowed upward, primarily to allow the short-lived isotopes (produced by 
neutron interaction with the oxygen in the water) to decay in the expanded upper 
shielded portion of the reactor vessel. This system eliminated the need for 
massive shielding of external parts of the coolant piping. The closed-cycle 
primary coolant underwent heat exchange with a once-through secondary water 
system. The reactor core was contained within an aluminum vessel, which was 
surrounded by an air-cooled graphite reflector and a concrete shield (Figure 12). 

Air from the interior of the confinement building was used to cool the neutron 
reflector surrounding the core of the reactor vessel. When air was drawn through 
the reflector, it was exposed to a neutron flux that causes the argon component 
of the air to become radioactive argon-41. This generation of argon-41 was 
related to the neutron flux which, for a given fuel loading, was related to the 
power of the reactor. After passing through the reflector, the air was routed 
through a roughing filter, a high efficiency particulate air (HEPA) filter to remove 
particulates, and a charcoal filter to remove radioiodines. The air was then 
exhausted to a 150-foot (46-meter) stack adjacent to the confinement building. 
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Figure 12. Cutaway view of the BMRR (from ERDA, 1977). 

Fuel assemblies from different sources, with some variations in design have 
been used in the BMRR. These assemblies are described in BNL 1960. The 
power history of the BMRR, in MW-hours for each month of operation (Figure 
13), was taken from the BMRR logbooks. Because of the basic design of the 
reactor and the low power level at which it operated, the levels of argon-41 
released from the BMRR stack were orders of magnitude smaller than the 
releases from the BGRR. 

No original records of direct measurements of the argon-41 released from the 
BMRR stack are available for the time period of interest, but several documents 
give values that can be used to relate the release of argon to the power level of 
the reactor. In 1997 direct measurements of argon-41 released from the BMRR 
were made. From these measurements an average value of 2.11 CVMW-hr was 
derived. 

Argon-41 emissions were calculated for the BMRR using this CVMW-hour value. 
Monthly emissions are given in Attachment I-A. Annual emissions are shown in 
Table 4. The unusually high values for the summer of 1960 were related to 
extensive reactor operations required for the dosimetric evaluation of the patient 
treatment facility. 
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Figure 13. Power history of the BMRR, 1959-l 961. 

Table 4. Argon-41 and carbon-14 released from the BMRR. 

Carbon-14 emissions can also be related to the power Bevel of the reactor, and 
the ratio of carbon-14 to argon-41 in the BMRR emissions has been calculated to 
be 1.7 x 10”. Carbon-14 emissions were calculated using this value and are 
given in Table 4 and Attachment I-A. 

These emissions of argon-41 and carbon-14 are orders of magnitude smaller 
than routine releases from the BGRR, and could not have been detected at the 
site boundary. 
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In recent years, BNL has measured and reported emissions of additional 
radionuclides released in the BMRR’s effluent (Table 5, Lee et a/., 1999). These 
radionuclides are of negligible dosimetric importance because of their short half- 
life and extremely low total activity. A rough estimate for 1959, 1960 and 1961 
could have been made using the ratios of argon-41 levels between 1997 and 
these years. However, in view of the extremely low levels of emissions and the 
large uncertainty in this procedure, this was not done. 

Table 5. Routine airborne radionuclide releases from the 
BMRR in 1997 (from Lee et al., 1999) 

Nuclide Half-life Ci Released 

Ar-41 1.8 h 2.22 XlOj 
Al-26 7.2~10~~ 1.21 x104 
As-76 26h 4.70x IO4 
Ba-128 2.4 d 1.86x10A 
Ba-140 12.8 d 1.56~10~ 
Br-82 35h 8.61 x 1o-3 
Ce-141 32d 1.82 x 1O-7 
Ce-144 284d 1.42~10" 
Co-60 5.2 y 2.65 x IO4 
Fe-59 44d 3.85 x 1O-6 
Hg-203 46d 5.90 x IO" 
l-124 4.2 d 1.89 x IO" 
I-131 8d 3.33 x 1o-5 
l-133 21h 3.63 x IO4 
La-140 40h 8.25 x IO4 
MO-99 66h 1.54x 1o-7 
Na-24 15h 2.30x lOA 
Sb-122 2.7 d 4.81 x 1O-7 
SC-46 84d 2.15x10-* 
Se-75 119d 2.04 x 1O-7 
Sr-91 9.5 h 3.32 x lOA 
Tc-99m 6.0 h 5.86 x 1O-5 
Ti-44 47Y 1.29 x IO4 
Xe-133 5.2d .1.02~10~ 
Xe-135 9.1 h 1.07x lo-3 
Zn-65 244d 1.95 x IO" 
Zn-69m 13.7 h 1.44x10" 
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4.3 Other Sources of Air Emissions 

A review of Health Physics and Safety Summary reports and other documents 
indicates that the only important sources of radionuclide air releases during this 
period, besides the BGRR and the BMRR, were the Cosmotron, AGS, and the 
Hot Laboratory. 

. 

4.3.1 Cosmotron and Alternating Gradient Synchrotron 

The Cosmotron and the AGS were used to study the elementary building blocks 
of matter and the laws and forces that govern them. Using the Cosmotron and 
the AGS, many new particles have been discovered and studied. The 
Cosmotron came on-line in 1953 and was operated until 1966. The AGS 
achieved full energy in 1960 and is still in operation. 

Some radioactive gases were created by activation of the ventilating air within 
the tunnel and experimental areas of the Cosmotron and AGS. These were 
released at ground level, but, since they are short-lived (carbon-l 1, half-life 20.5 
min; nitrogen-13, half-life 10.0 min; oxygen-15,2.1 min), they did not create a 
measurable radiation level beyond the immediately adjacent on-site area. 

4.3.2 Hot Laboratory 

The Hot Laboratory officially opened January 15, 1951. It consisted of a central 
laboratory, a fan house, a radioactive-liquid waste tank farm, and a liquid 
radioactive-waste concentration plant (ERDA, 1977). 

The original purpose of the central facility was to provide appropriately shielded 
areas for research with large amounts of radioactive material. The “hot” area of 
the Hot Laboratory included five hot cells, three chemical-processing hot cells, 
and three high-level hot cells for handling and processing of radioactivity in 
gaseous, liquid, or solid form. The cells were maintained at negative pressure 
with respect to their surroundings to minimize the possibility of radioactive 
releases to the building. Each has individual exhaust air-filters as well as a 
backup filter preceding discharge to the BGRR stack. 

The iodine production program at the Hot Laboratory and an accidental release 
of uranium hexafluoride in 1957 deserve mention. 

Iodine Production Program 

A separate exhaust-air system was installed for the process hot cells originally 
set up for acid-dissolution of irradiated uranium samples to recover radioiodines. 
It includes a NaOH scrubber and backup charcoal filter, and was ducted to a 
stainless steel pipe within the BGRR stack (ERDA, 1977). Cowan and Gemmell 
(1960) also refer to filters and scrubbers at the Hot Lab. 
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From March of 1952 to June of 1960 there was a program of iodine-131 
production at the Hot Laboratory. The detailed data for rupture 29 given in Part II 
(a production sample for this program) provides information on the radionuclide 
inventory of these samples. 

A rough estimate of the radionuclide emissions from this process can be made If 
it is assumed that (1) all the production samples were 225 g of UsOa, equivalent 
to 209 g of uranium-235 or 17% of the inventory in a single fuel slug, (2) they 
were in the BGRR for 30 days, with 1 run each month (3) since the objective of 
the effort was to collect the iodine-131, only 10% of radiodines but 100% of the 
noble gases were released to the BGRR stack. This assumption of 10% is an 
overestimate because of redundancies in back up systems. For each of these 
years, the approximate emission amounts were the following: 

l Iodine-131: 5 Ci 
l Iodine-133: IO Ci 
l Iodine-129: 5 x 1 O-’ Ci 
l Krypton-85: 3 x IO-’ Ci 
0 Xenon-133: 100 Ci. 

Uranium Hexafluoride Release 

In 1957 there was an accidental release of uranium hexafluoride from the Hot 
Laboratory. The following quotation was taken from a letter from R.W. Powell to 
F.L. Horn dated September 10, 1957: 

“A quantity of uranium hexafluoride was vaporized into the air and vented to 
the atmosphere when an explosive reaction ruptured the fluoride volatility 
pilot plant at the Hot Laboratory on May 15, 1957. A total of 29 unirradiated 
natural uranium slugs had been used for dissolution studies between 
January 22,1957 and May 15. 

A mass balance estimate of the amount of material lost in this event gave 14.5 
kg, and an AEC investigation provided a value of 22.28 kg. 

The Health Physics Summary for May 1957 made the following statement: 

“As a result of the explosion in the semiworks area, low levels of uranium 
contaminaition were spread through the cold area of the Hot Laboratory and 
somewhat higher levels were spread through the hot area. Smears 
counted about 40 d/m of alpha in the cold area. Average smears in the hot 
area counted 400 d/m of alpha and 1500 d/m of ply”. 

It seems prudent to assume that 50% of the uranium was released, primarily 
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because of the extensive contamination of the laboratory building, and because 
uranium hexafluoride is highly reactive. Under that assumption, 0.005 Ci of 
uranium-238, and 0.005 Ci of uranium-234 would have been released. The 
uranium-235 activity would have been much less. If 100% were released, the 
activity would be a factor of 2 higher. 

4.3.3 Other Facilities 

During this period BNL had a variety of hoods and ventilating systems for 
experiments with tracers or low level radioactivity, but these sources released 
only small amounts of material (Cowan and Gemmell, 1960). 
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5. AREA MONITORING STATIONS 

The measurements and assessments of radioactivity in air and water and levels 
of external radiation exposure in the vicinity of BNL include those associated with 
naturally occurring radioactive elements and cosmic radiation, those resulting 
from fallout from atmospheric nuclear weapons tests, and those attributable to 
BNL’s operations. External radiation levels and airborne particulate radionuclides 
were measured at area monitoring stations located in the central area of the BNL 
site and at the site boundary (Figure 3). The releases from the BGRR and other 
facilities were controlled by the Radiation Protection Limits in effect during this 
period. 

5.1 External Radiation 

External radiation levels, including background as influenced by fallout and the 
increments attributable to BNL operations, were monitored at fixed monitoring 
stations located in the central portion of the site, at the site’s perimeter, and off 
site. Most of the monitors remain in their original locations, although some were 
added over the period covered by this report. 

Background at a given station was determined from the radiation level prevailing, 
when no obvious BNL contributions were detectable at the station. The potential 
error in making this determination was minimized by reference to meteorological 
data (to establish the direction of the reactor’s air effluent plume) and to the log- 
book indications of the gamma -field sources. These background measurements 
are approximately 30% higher than the values obtained today because most 
weapons fallout radionuclides with short and intermediate half-lives have 
decayed. Furthermore, the detectors used during this time contained small 
quantities of naturally occurring radionuclides in the insulating material of the ion 
chamber. 

The measurable increase in external radiation above background attributed to 
BNL operations at most of the monitoring stations was caused by the radioactive 
argon-41 component of the BGRR’s cooling-air effluent. 

Late in 1961, a 10,000 Ci cesium-137 gamma-source was installed in the 
ecology forest in the northeast area of the BNL site, about 800 meters equidistant 
from the north and east boundaries (Hull, 1963; Figure 3). The source was used 
to irradiate an otherwise undisturbed wooded area for ecological studies. The 
cesium-137 source produced a measurable dose rate at stations E-9 (later P-9) 
and S-13, both located northeast of the BGRR stack. 

Each station’s equipment included an ion chamber and dynamic capacitor 
electrometer assembly (Kuper and Chase, 1950). These units could accurately 
measure less than 10 FWhr, and detect changes of the order of 1 $Vhr. During 



the early years of laboratory operation, a set of rooftop Geiger-Muller tubes were 
placed at the stations. This;equipment is described in detail in the BNL Area 
Survey Manual (Weiss, 1955). 

When the reactor was first put into operation, radiation levels due to argon-41 at 
the edge of the site averaged over a week, were restricted to no more than 1% of 
the limit prescribed for occupational exposure (50 mR/day) (Cowan and 
Gemmell, 1960). Therefore 50 mR/day x 7 days x 0.01 = 3.5 mR/week became 
the public limit. When necessary, reactor operations were curtailed to ensure 
that exposures at the edge of the site did not exceed 3.5 mFUweek. 

Data analyzed monthly for the perimeter monitoring stations (P-Z, P-4, P-7, P-9) 
and the monitoring stations located in the central portion of the site (P-IO, P-l 1 
and P-12) are available only for 1959,1960, and 1961 (Attachment IA, Tables IA- 
6, IA-7, IA-8). Raw data for most of the earlier years may be available but are 
not presented here due to the limited scope of the project. Because of the strong 
correlation between the argon-41 released from the BGRR and the readings at 
the monitoring stations, identification and analysis of these data was not 
considered necessary to estimate the Ar-41 exposure. 

Data from P-7, P-8 and P-9 for 1959, 1960 and 1961 and from the Environmental 
Monitoring Reports for 1962,1963,1964 and 1965 were used to estimate the 
maximum average external exposure in the central portion of the site and at the 
site perimeter per million Curies of argon-41 emitted from the BGRR. These 
relationships are derived in Table IA-5 in Attachment A and were used to 
generate the data in Table 6, which gives the estimated and measured radiation 
levels at the environmental monitoring stations associated with argon-41 from the 
reactor stack. 

From 1951 to 1957 when the BGRR operated with the natural uranium fuel, the 
maximum external exposure from the argon-41 at the site boundary ranged from 
IO to 14 mR/year. During 1958 to 1961 when enriched fuel was used, the 
maximum external exposure from the argon-41 at P-9 from the argon-41 ranged 
from 34 to 46 mR/year. For the central area of the site, in 1951-l 957 the 
maximum external exposure was 56 mR/year, and in 1958-l 961 it was 220 
mR/year. 
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Table 6. Annual argon-41 released from the BGRR and measured (in bold) and 
estimated (see text) external exposure levels at area monitoring stations. 

1950 3.5 x IO4 0.2 
1951 1.2 x lob 
1952 1.5x lob 
1953 1.6x IO’ 7.8 14 37 53 96 

4 average background measurements available for P-7 and P-9 includes weapons fallout and 
instrument contamination 
5 July through December only 

5.2 Estimating Particulates Releases 

A major confounding factor in assessing the environmental levels of airborne 
radionuclides resulting from BNL operations was the fallout from weapons tests 
by the United States and the U.S.S.R. that took place during this period (Cowan 
and Steimers, 1958; Weiss, 1954). The highest daily deposition of weapons test 
fallout on the Brookhaven site was 300,000 disintegrations per minute, per 
square meter (dis/min/m*) measured in March 1955 (Health Physics Summary 
March, 1955). In units used below, this value is approximately 350 millicuries per 
square mile (mCi/mi2) Although particulate air samplers were in place at the 
environmental monitoring stations, the only available data are from two rain and 
settled dust collectors. Tables 7 and 8 show monthly activities measured in rain 
and settled dust from 1953 to 1961 given in units of millicuries per square mile 
(mCi/mi2). While natural radioactivity levels were quite consistent, the levels 
associated with atmospheric tests were highly variable, as were releases 
associated with BGRR rupture events. 

The largest estimated particulate release from BGRR rupture events in 1954 was 
in February, while the largest value in rain and settled dust was in September. 
The largest estimated particulate release in 1955 from the BGRR ruptures was in 
October while the largest value in rain and settled dust was in September. In 
1956 the largest estimated particulate release from BGRR rupture events was in 
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May while the highest value in rain and settled dust was in September. For 1957 
the highest estimated particulate release associated with the BNL ruptures was 
in January while the highest value in rain and settled dust was again in 
September. The lack of correlation between the rain and settled dust results and 
the rupture events demonstrate that these measurements are of little help in 
estimating the releases associated with the ruptures. 

Although there were particulate monitors at the base of the stack, these 
measurements were not found. 

As a result, in this report, an approach to estimate downwind air concentrations 
and ground deposition of radionuclides (both particulates and iodines) used the 
Lawrence Livermore National Laboratory HOTSPOT code. 

In response to concerns about fallout from multi-national weapons tests, BNL 
was requested to analyze milk samples from local farms. In 1961, two sets of 
milk samples were obtained from farms in Center Moriches, Yaphank, and lslip 
and analyzed for iodine-l 31. All six samples showed iodine-l 31 activity of about 
25 pCi/l, which agrees with levels in milk found by other laboratories and 
confirming the source of the iodine to be weapons fallout (Health Physics and 
Safety Summary for December 1961). 
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Table 7. Radionuclide activity in rain and settled dust collections, 1953-l 957, mCi/mi2 and relationship to weapons tests 
and rupture events. 

Jul na 1 R: (7.7) 1 17.2 1 R:(17) 9.7 Y i . . I^\ - ,.-\ .- ^ I 

RI :(W); RZ(1.6) 1 276 13.8 u (2) 
Dee III.3 1 50.4 12.0 

I I R 
. v..... A I I 

na: data not available before September 1953. 
’ Activity measured in rain and s’ettled dust on the BNL site. 
2 Reported Nuclear Detonations, locations, and number: N=U.S. Nevada Test Site; P= U.S. Pacific Test Site; U=U.S.S.R.; A= U.S. Atlantic Test Site 

(Taken from UNSCEAR 2000 “Report to the General Assembly with the Scientific Annexes.“) 
3 R denotes a BGRR fuel cartridge rupture, amount released is in parentheses. 
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Table 7 (cont.). Radionuclide activity in rain and settled dust collections, 1953-I 957, mCi/mi2 and relationship 
to weapons tests and rupture events. 

Month 

May 
Jun 

125 P (5) RI : (7.0); R2: (130) 112 1 N;P I 
1 32.6 1 P 1 38.8 1 N;P 

I. .I I I 1 262 I N IR 

Total 
n I I n I 

1439.9 # I I 1 2138.4 I I 
na: data not available before September 1953. 
’ Activity measured in rain and settled dust on the BNL site. 
2 Reported Nuclear Detonations, locations, and number: N=U.S. Nevada Test Site; P= U.S. Pacific Test Site; U=U.S.S.R.; 
A= U.S. Atlantic Test Site. (Taken from UNSCEAR 2000 “Report to the General Assembly with the Scientific Annexes.“) 
3 R denotes a BGRR fuel cartridge rupture, amount released is in parentheses. 
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Table 8. Radionuclide activity in rain and 6 
mCi/mi2 and relationship to weapons tests’*2. 

settled dust collections, 1958-I 961, 

to the General Assembly with the Scientific Annexes.“) 
, 2 There were no BGRR fuel cartridge ruptures from 1958-l 961. 
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6. LIQUID ElWlISSIONS AND MONITORING 

6.1 Liquid Waste System 

Beginning in 1948, low-level liquid radioactive wastes at BNL were disposed of 
by release, into a conventional sanitary waste treatment facility. Even before the 
BGRR came on-line, the Chemistry, Physics and Biology Departments used 
radionuclides that contributed to small concentrations of radionuclides in the 
sewage effluent. 

Liquids in the sanitary waste system passed through an lmhoff Tank, which 
removed most of the solids. The effluent flowed onto sand-filter beds, from which 
most of it was directed by an underlying tile field, chlorinated, and discharged into 
a small stream which forms one of the headwaters of the Peconic River. 

Figure 14 is a schematic illustration of the sewage plant as it existed during the 
period covered by this report. The monitoring arrangements included continuous 
proportional samplers at the discharge from the lmhoff Tank and at the point 
where the liquid effluent was discharged to the stream. 

Total beta activity discharged to the sand-filter beds and released from the 
Chlorination Plant was measured. Routine analyses of the liquid effluent for 
specific radionuclides were not performed before 1961, but occasional analysis 
indicated that most of the activity in the effluent consisted of long-lived fission- 
products in which cesium-137 predominated. 

Periodic measurements of the sewage effluent began late in 1948. These early 
samples were simple grab samples. A formal analysis and reporting system was 
established in 1951 when proportional samplers were developed that 
automatically took samples at the stations on a periodic basis. 

Thus routine liquid emissions data became available in 1951 s Measured values 
of gross beta concentration and activity discharged to the filter beds (Imhoff 
Tank); discharge to the river (Chlorination Plant) and computed values at the 
original site boundary (station M) are given for each year beginning in 1951 in 
Tables IB-1 through IB-33 in Attachment I-B. These data were abstracted from 
monthly Health Physics and Safety summaries. 

An approximation of the strontium-90 and cesium-137 concentrations were 
estimated using a relationship between the total beta concentration and of these 
two radionuclides derived from data published in the Environmental Monitoring 
Reports for 1962, 1963, 1966 and 1968. The derived relationship is 50% of 
gross beta for cesium-137 and 10% of gross beta for strontium-90. 

43 



Figure 14. Sewage Treatment Plant, as it was from 1950-I 961. 

Discharges into the Peconic River for 1951-1961 were higher than in later years 
(Meinhold and Hull, 1998). These higher levels of gross beta and cesium-137 
resulted from waste associated with the storage and handling of the irradiated 
natural-uranium slugs used to fuel the BGRR from 1950-I 958. This stored fuel 
was not entirely removed from the reactor canal until 1962. 

1948 - 1950 

During this period routine grab sampling on an hourly schedule was used to 
estimate liquid releases since on-line proportional samplers were not yet 
available. The data reported in the monthly Health Physics Summary Reports 
are given below for this time period. The reported sensitivity for routine analysis 
was given as 1 O-l2 to 1 O-l3 Ci/cc. 

7948 

Sewage and water samples were taken routinely, starting late in 1948. In most 
cases, no measurable activity was detected (1 l/1948). 
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7949 

In 1949, low levels of activity were detected in the sewage effluent. 

March: Concentrations of the order of 3 x IO-” Ci/cc were detected at the exit of 
the lmhoff Tank on several occasions. A maximum concentration of 2.3 x IO-l5 
Ci/cc was detected in the Peconic River below the point of discharge. 

April: Activity levels at the exit of the lmhoff Tank were high enough to be 
detectable for most daily samples tested, ranging from a barely detectable IO-l4 
Ci/cc, to 6 x 1 O-l3 Ci/cc. This peak concentration was due to radiophosphorous 
used in the Biology Department. 

May: Daily samples of the lmhoff tank effluent showed background or barely 
detectable activities throughout the whole month. 

June: Effluent from the lmhoff tank was at background except for a few days 
when levels of about IO-l4 Ci/cc were measured. 

July: Sewage effluent was at, or near, background for the entire month. 

August- Sewage effluent showed only background activity except for two days 
when traces of activity were measured. 

Sepfember: No detectable activity was noted in the laboratory sewage effluent for 
the month. 

Ocfobec There was no detectable activity in the sewage effluent for the month, 
except on a few days when barely detectable levels of IO-” Ci/cc were noted. 

November: All water and sewage samples showed background levels, except for 
the sewage sample of November 8, which had a concentration of about IO-l2 
Ci/cc. This was due to a cobalt-60 spill at Building T-527. 

December: No data were found for December. 

1950 

January: Sewage effluent was at background except for three days when the 
activity was about 3 x IO-l4 Ci/cc. This was caused by discharging of the 
contents of the radiochemistry laboratory’s holdup tank. 

Februa y All sewage samples read background except on February 2, which 
was IO- 3 CVcc of beta-gamma. This was caused by the discharge of the 
Chemistry holdup tank. 

45 



March: The sewage effluent activity was at background except on one day when 
it contained of 3 x IO-l4 Ci/cc . 

April: The sewage effluent showed no detectable activity in April. 

May: The sewage effluent was at background except on two dates when activity 
of about IO-l3 Ci/cc was detected. This was due to the emptying of the 
Chemistry holdup tank. 

June: The sewage effluent was at background during June. 

July: Sewage activities greater than the minimum detectable amount of about 
1 O-l4 Ci/cc were noted in eight consecutive days. Values ranged from 1 O-l3 to 2 x 
IO-l4 beta-gamma activity, with no alpha activity. 

Augusf: On August IO, the Laboratory began processing the daily lmhoff tank 
effluent without using nitric acid. By this method a detectable concentration was 
obtained every working day for the rest of the month. The concentration for the 
non-acid samples varied from 2 x IO-l4 to 4 x IO-‘* Ci/cc, with an average of 5 x 
IO-l3 Ci/cc. Average concentrations with nitric acid appeared to be about l/IO as 
great. Decay studies indicated that the activity was primarily iodine-l 31. If the 
above average was representative, the Laboratory discharged about 700 $i of 
iodine-131 per day, since the daily flow amounts to about 375,000 gallons. It 
was believed that the iodine was from the Medical Departments Iodine Therapy 
Program. 

Sepfember: Low levels of about 5 x 1O-‘4 Ci/cc were detected in the lmhoff 
Tank’s effluent on most days during September, with isolated values of 2 x IO-l3 
and 5 x 10-13. Only small differences were noted in samples processed with and 
without nitric acid, suggesting that the proportion of iodine present had 
decreased markedly compared with August. 

October: The lmhoff Tanks effluent had a maximum activity of 5 x IO-l3 Ci/cc. 

November: The average flow rate at the lmhoff tank was 1.6 x106 liters/day and 
at the Chlorination Plant, it was 7 x IO5 liters/day. Activities in the IO-l3 to IO-l4 
Ci/cc range were noted at the lmhoff Tank 18 days out of the month. 

December: Sewage samples at the lmhoff Tank showed an activity less than the 
minimum detectable concentration of IO-l4 Ci/cc about half the time, and values 
ranging from IO-l3 Ci/cc to IO-l4 Ci/cc the rest of the time. Activity at the 
Chlorination Plant was non-detectable except on two days when very low or 
possibly spurious values of about 3 x IO-l4 Ci/cc were obtained. 
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1951 - 1961 

By 1951, proportional samplers were in place, and monthly data were 
consistently reported for flows and concentrations at the lmhoff Tank and the 
Chlorination Plant. The proportional samplers included a provision for actuating 
a sampler with each 2,000 gallons of flow in combination with a positive-action 
battery-operalted sampler. Table 9 summarizes data for the years 1951-1961. 
Detailed tables with monthly data are given in Attachment I-B. 

Table 9. Average concentrations (pCi/l) of gross beta, strontium-90 (Sr-90) and 
cesium-137 (Cs-137) at the Sewage Treatment Plant lmhoff Tank, Chlorination 
Plant, and the site boundary. 

The descriptions given below were taken from Health Physics Summary reports. 

7957 

In 1951, the total waste-water flow measured at the lmhoff Tank was >3 x IO8 
liters (no data were found for’January and February). About 76% of the liquid 
effluent discharged onto the sand-filter beds at the Sewage Treatment Plant was 
directed to the Peconic River, as measured at the Chlorination Plant. 

The average concentration of gross-beta emitters in the effluent discharged onto 
the sand-filter beds was 566 pCi/l (Table IB-1). The average concentration of 
beta emitters in the waters released to the Peconic River at the Chlorination 
Plant was 102 pCi/l (Table IB-2) which was 3.4% of the applicable radiation 
protection guide of 3,000 pCi/l. The change in the concentration of beta emitters 
through the sand-filter beds was primarily due to their holdup in the top few 
inches of the beds. 
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At the site’s perimeter (original site perimeter, station M), the yearly average 
concentration of gross beta emitters was estimated to be about 88 pCi/l (Table 
IB-3). 

The unusually high values for May were primarily due to the release of iodine- 
131, particularly in the urine of patients receiving therapeutic doses (Health 
Physics Summary, May 1951). The unusually high values for September were 
the result of a release of 20 mCi from the Hot Laboratory on September 11, 
1951. 

1952 

In 1952, of the total waste-water flow discharged onto the sand-filter beds of 3.6 
x 1 O* liters, 74% was directed to the Peconic River. The average concentration 
of gross-beta emitters in this discharge to the sand-filter beds was 333 pCi/l 
(Table lB-4) which was 11% of the limit of 3000 pCi/l. 

The average concentration of gross beta emitters in the waters released to the 
Peconic River at the Chlorination Plant was 99 pCi/l (Table IB-5). 

At the site perimeter station M, the total flow was 6.2 x IO8 I. The concentration 
of gross-beta emitters at station M was estimated to be 45 pCill (Table IB-6). 

1953 

The total BNL waste-water flow discharged onto the sand-filter beds in 1953 was 
4.1 x 1 O* liters. About 78% of the volume of the liquid effluent was directed to the 
Peconic River at the Chlorination Plant. The average concentration of gross-beta 
emitters in the effluents released to the sand-filter beds was 305 pCi/l (Table IB- 
7), which was 10% of the limit of 3000 pCi/l. 

The average concentration of gross-beta emitters in the water released to the 
Peconic River at the Chlorination Plant was Ill pCi/l (Table IB-8). 

At the site perimeter station M, the total flow was 1.36 x IO’ liters, and the 
concentration of gross-beta emitters was estimated to be 25 pCi/l (Table IB-9). 

7954 

In 1954, the total wastewater flow at the lmhoff Tank was 3.9 x IO* liters, 
approximately 85% of which was directed to the Peconic River. The 
concentration of gross-beta emitters in the wastewater was about 430 pCi/l 
(Table IB-IO), which was 14.3% of the limit of 3000 pCi/l. 

The average concentration of gross-beta emitters in the water released to the 
Peconic River at the Chlorination Plant was 100 pCi/l (Table IB-1 I). 
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At the site perimeter station I$ the total flow was 7.6 x IO8 liters, and the 
concentration of gross-beta emitters was estimated to be 47 pCi/l (Table IB-12). 

1955 

In 1955, the total waste-water flow measured at the lmhoff Tank was 4.8 x IO* 
liters. About 87% of the liquid effluent discharged onto the sand-filter beds was 
directed to the Peconic River as measured at the Chlorination Plant. 

The average concentration of gross-beta emitters in the effluent discharged onto 
D the sand-filter beds was 453 .pCi/l (Table IB-13), which was 15% of the limit of 

3000 pCi/l. The average concentration of beta emitters in the waters released to 
the Peconic River at the Chlorination Plant was 171 pCi/l (Table IB-14). 

At the site’s perimeter (station M) the yearly average concentration of gross-beta 
emitters was estimated to be: about 52 pCi/l (Table IB-15). 

7956 

In 1956, 84% of the total waste-water flow of 5.2 x IO’ liters discharged onto the 
sand-filter beds was directed’to the Peconic River. The average concentration of 
gross-beta emitters in the effluent discharged onto the sand-filter beds was 320 
pCi/l (Table IB-16), which was 10.6% of the limit of 3000 pCi/l. 

The average concentration of gross-beta emitters in the waters released to the 
Peconic River at the Chlorination Plant was 118 pCi/l (Table IB-17). 

At the site perimeter station M, the total flow was 2.1 x IO’ liters. The 
concentration of the gross-beta emitters was estimated to be 26 pCi/l (Table IB- 
18). 

1957 

In 1957, the total wastewater flow at the lmhoff Tank was about 6.0 x IO8 liters; 
about 73% of it was directed ;to the Peconic River. The average concentration of 
gross-beta emitters in the effluent discharged to the sand-filter beds was 372 pCi/ 
(Table IB-19) which was 12.4% of the limit of 3000 pCi/l. 

The average concentration of gross-beta emitters in water released to the 
Peconic River at the Chlorination Plant was 164 pCi/l (Table IB-20). 

At the perimeter station M, the average concentration of gross-beta emitters was 
76.7 pCi/l (Table IB-21). 
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1958 

The total waste-water flow discharged onto the sand-filter beds in 1958 was 6.1 x 
IO8 liters, of which about 84% was directed to the Peconic River. The average 
concentration of gross-beta emitters in the effluent was 531 pCi/l (Table IB-22), 
which was 17.7% of the limit of 3000 pCi/l. 

The average concentration of gross-beta emitters in water released to the 
Peconic River at the Chlorination Plant was 204 pCi/l (Table IB-23). 

At perimeter station M, the average concentration of gross-beta emitters was 34 
pCi/l (Table IB-24). 

1959 

In 1959, the total waste-water flow at the lmhoff Tank was about 7.6 x 1 O8 liters. 
About 71% of the total volume of the liquid effluent discharged onto the sand- 
filter beds at the Sewage Treatment Plant was directed to the Peconic River. 
The average concentration of gross-beta emitters in the effluent discharged to 
the sand-filter beds was 776 pCi/l (Table IB-25), which was 25.9% of the limit of 
3000 pCi/l. 

The average concentration of gross-beta emitters in water released to the 
Peconic River at the Chlorination Plant was 262 pCi/l (Table IB-26). 

At perimeter station M, the average concentration of gross-beta emitters was 65 
pCi/l (Table IB-27). 

The unusually high values for June and July were “traced to the evaporation 
plant where a number of defective tubes were permitting active waste to leak 
across into the condensate” (Health Physics Summary, July 1959). The 
unusually high values in November and December were attributed to the 
“pumping of D waste, accumulating in a sump at the hot lab into the sewer rather 
than into a D tank as required by established procedures” (Health Physics 
Summary, November 1959). 
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7960 

In 1960, the total waste-water flow at the lmhoff Tank was about 6.4 x i08 liters. 
About 91% of the total volume of the liquid effluent discharged onto the sand- 
filter beds was directed to the Peconic River. Its average concentration of gross - 
beta emitters was 649 pCi/l (Table IB-28), which was 21.6% of the limit of 3000 
pCi/l. 

The average concentration of gross-beta emitters in water released to the 
Peconic River at the Chlorination Plant was 309 pCi/l (Table IB-29). 

At the perimeter station M, the average concentration of gross-beta emitters was 
255 pCi/l (Table IB-30). 

The source of the unusually high value for November was not clearly identified. 
It was, however, identified as being mostly cesium-137. 

1961 

In 1961, the total wastewater flow at the lmhoff Tank was about 7.6 x 1 O8 liters, 
and about 86% of the total volume of the liquid effluent was directed to the 
Peconic River. The average concentration of gross-beta emitters in the effluent 
discharged to the sand-filter beds was 426 pCi/l (Table IB-31), which was 14.2% 
of the limit of 3000 pCi/l. 

The average concentration of gross-beta emitters in water released to the 
Peconic River at the Chlorination Plant was 300 pCi/l (Table IB-32). 

At the perimeter station M, the average concentration of gross-beta emitters was 
170 pCi/l (Table 18-33). 

6.2 Peconic River Grab Samples 

In 1960, surveillance started of the downstream river system into which the 
treated effluent was discharged. Monthly grab water samples were obtained at 
on- and off-site locations along the upper tributary of the Peconic River, into 
which BNL routinely discharged low-level radioactive wastes. Reference grab- 
samples also were obtained from other nearby streams and bodies of water 
outside the Laboratory’s drainage area. Samples of sediment, vegetation, and 
animals were not taken in the years covered by this report. The sampling 

*locations were as follows. 
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Peconic River, proceedina downstream (within the Laboratory’s drainage 
area ) 

A Peconic River at Schultz Road, 15,900 ft. downstream 

B Peconic River at Wading River-Manorville Road, 23,100 ft. 
downstream 

D Peconic River at Calverton, 46,700 ft. downstream 

Controls (not within the Laboratory’s drainage area) 

E Peconic River, upstream from BNL effluent outfall 

F Peconic River, north tributary (independent of BNL drainage) 

G Carmans River at Middle Island 

H Carmans River, outfall of Yaphank Lake 

I Artist’s Lake (maintained by water table, no surface flow) 

J Lake Panamoka (maintained by water table, no surface flow) 

The individual yearly average gross-beta concentrations at these downstream 
and control locations are given in Table 10 for 1960 and 1961. 

Table IO. Yearly averages for 1960 and 1961 gross beta in surface water 
samples, pCi/l (from EM report 1965). 

M” 
Peconic River 

A 
B 
D 

Control Locations 
E 
F 
G 
H 

8 17 
5 10 
7 6 
9 9 

*estimated from river flow and monthly total releases at the Chlorinating Plant. 

1960 

The largest yearly average gross-beta concentration at the sampled stations in 
1960 was an estimated 255 pCi/l at the onsite perimeter station M. Off site, the 
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highest measured concentration of 20 pCi/l was at station A, the downstream 
location closest to the BNL site boundary. Gross-beta concentrations decrease 
with distance from the laboratory. The concentrations at control locations ranged 
from 5 to 13 pCi/l. 

1961 

The largest yearly average gross beta concentration at the sampled stations in 
1961 was an estimated 170 pCi/l at the onsite perimeter station M. Off site, the 
highest measured concentration was at station A, the downstream location 
closest to the BNL site boundary, where the average gross-beta concentrations 
were 34 pCi/l. Gross-beta concentrations decrease with distance from the 
laboratory. Control-location concentrations ranged from 6 to 17 pCi/l. 

6.3 Losses to Groundwater 

Historical operations at BNL have resulted in soil, sediment and groundwater 
contamination. An Inter-Agency agreement is in effect among the United States 
Department of Energy, the United States Environmental Protection Agency and 
the New York State Department of Environmental Conservation. This IAG 
requires that environmental impacts associated with past activities at BNL are 
thoroughly investigated and appropriate response actions formulated, assessed, 
and implemented. 

Areas of Concern (AOCs) being addressed under the IAG include both active 
facilities such as the Sewage Treatment Plant and inactive facilities such as the 
former landfills, cesspools, and radioactive waste storage tanks. 

Characterizing the extent of contamination in soil, sediment, and groundwater 
associated with past practices at BNL is the responsibility of the Environmental 
Restoration Division. Lengthy assessments have been and are being published 
that document the extent of contamination and DOE’s proposed response 
actions. A historical site review was conducted in 1993 to identify potential 
sources of contamination. This information is available at local libraries in the 
Administrative Record for the site and are not discussed here. 

The following section discusses releases to groundwater that were known and 
documented during the early years of the laboratory history. Releases from 
cesspools and the former landfills had not been documented. 

Sand-Filter Beds 

Of the total volume of waste-water discharged onto the sand-filter beds, 
approximately 70-90% was recovered at the Chlorination Plant. The percentage 
varied considerably over a year. The balance is assumed to have percolated into 
the groundwater underlying the filter bed. Some of this groundwater then moved 
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into the Peconic River, depending on the time of year, the height of the water 
table, and of the stream. 

Less than 25% of the fission product activity reaching the sand-filter beds passed 
immediately through the beds and into the Peconic River. Hull (1970) analyzed 
the radionuclide retention of the sand-filter beds. Table 11 gives the fractions of 
input activity retained. This retention includes loss to ground water and 
radioactive decay. The material retained by the sand-filter beds was periodically 
removed and disposed of in the sanitary landfill. 

Table 11. Gross beta activity at the sand-filter beds 
(from Hull, i 970). 

Year 

1951 
1952 
1953 
1954 
1955 
1956 
1957 
1958 
1959 
1960 
1961 

116.6 
132.9 
182.1 
223.8 
170.0 
300.8 
325.1 
586.6 
542.9 
384.4 

21.5 
27.9 
35.8 
48.5 
75.0 
55.0 
105.1 
106.0 
169.5 
177.8 
219.1 

0.87 
0.76 
0.73 
0.73 
0.67 
0.68 
0.65 
0.67 
0.71 
0.67 
0.43 

Sewer Lines 

Many of the sewer pipes that transport liquid effluents from the main laboratory 
complex to the sewage-treatment plant were inherited from the days when the 
site was a large Army camp. It is reasonable to assume that they lost significant 
amounts of effluent to the surrounding soil. Hull (1970) reviewed eighteen 
releases of one millicurie or more into the sewage collection system for which the 
amounts discharged were reported. Almost all of these releases consisted of 
mixed fission products. Hull concluded that there was considerable hold-up 
and/or loss of activity in the conduits leading to the sewage-treatment plant, as 
well as in the plant itself. Only 34% of the amounts of mixed fission products 
reported as having been released into the system passed onto the sand-filter 
beds. 

Contamination Incidents 

In November 1960, it was discovered that the Biology Department’s 16 Curie 
cobalt-60 source was leaking. It was determined that a total of 8 mCi was in the 
water inside the lead source-container. Soil samples, taken from beneath the 
drainage holes in the outer container, showed activity of 20,000 disintegrations 
per minute per gram (d/m/g) near the holes. The activity decreased very quickly 

54 



to 500 d/m per gram at a depth of 21 inches, and there was no activity detected 
at a depth of 4 feet. The total activity in the soil was estimated to be about 10 
mCi, based on these data and those from some additional laterally located 
samples. Because of the known retention of the radionuclides by the soil, it was 
concluded that no more than a few mCi could have escaped to the groundwater. 
A test-well was driven in the most favorable direction as chosen by the USGS for 
detecting activity. Water samples were taken before, during, and after the well 
was pumped. There was no detectable activity. 

Groundwater downgradient of a Waste Management area well was accidentally 
contaminated in 1960. The data on this incident are contained in previously 
reported documentation (SAIC, 1992). This incident occurred when a technician 
thought he was putting evaporator concentrate slurry into an underground 
storage tank. In fact, he put the concentrate waste down a monitoring well. The 
resulting contamination has been addressed in the BNL restoration program. 



7. UNCERTAINTIES AND USE OF THIS REPORT 

7.1 Summary Of Uncertainties 

This report presents emissions, release estimates and environmental monitoring 
information from the early years of BNL’s operation. A number of gaps in the 
available information generated 50 years ago were filled based on assumptions 
and analyses of the data that were available. In all cases, the intent was to use 
conservative, (pessimistic), but reasonable assumptions. 

Each set of release estimates and monitoring data presented in this report 
carries its own uncertainties and assumptions. These are discussed in the 
following sections. The highest degree of uncertainty is associated with the 
estimates of the releases from the fuel ruptures. They are discussed here, and in 
the detailed analysis of the rupture events which is presented in Part II. 

7.1 .I Airborne Emissions 

BGRR Routine Emissions 

Routine emissions of radionuclides from the BGRR are inherently uncertain 
because they were not measured directly. Emissions given in this report 
(Section 4) were based on documented relationships between the power level of 
the reactor and releases of argon-41 and carbon-14. Power levels were 
available in the monthly Reactor Operations Summary Reports. Since the argon- 
41 releases were measured in 1965 (Hull, 1967), these relationships provide very 
good estimates of the carbon-14 and argon-41 releases from the BGRR for the 
period 1957-I 961. For the earlier period (1950-I 956) the argon-41 release was 
based on design-based calculations. As a result the earlier argon-41 release 
estimates are good, but less certain than the later values. 

The routine release of iodine-l 31 for the period 1957 to 1961 is based on a 
series of measurements made in 1963. The source of iodine-l 31 was fissioning 
of uranium-235 trapped on the surface of the aluminum cladding. This surface 
contamination occurred during the manufacture of the enriched fuel elements. 
This report used a proportional relationship between the power level of the 
reactor and iodine-131 releases. The major uncertainty in this assumption is the 
expectation that the amount of uranium surface contamination of the fuel 
elements was consistent. As a result the values are more uncertain than the 
estimates of argon-41 and carbon-14, but still provide fairly good estimates of the 
iodine-131 releases during this period. 

Iodine-l 31 releases for the early years of reactor operation when the reactor was 
using natural uranium fuel are even more uncertain. The Reactor Operations 
Monthly Reports reported that there were no fission products released during 
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normal operation. However, it seems likely that some radioiodine and noble 
gases were released via the helium system. The approach used in this analysis 
is based on the release associated with enriched fuel so the uncertainty in that 
estimate is also embedded in the estimate for the natural uranium fuel. In 
addition, the mechanics of transport through the helium system would have 
reduced the radioiodine concentrations. The largest uncertainty is associated 
with the assumption that the uranium-235 on the surface of the natural uranium 
fuel is similar to that on the cladding of the enriched fuel. Taken together it 
appears that Uhe routine release of iodine from the natural uranium fuel is highly 
uncertain, although small. 

Very small amounts of krypton-85, and iodine-129 would also have been 
expected in the BGRR effluent. 

BGRR Rupture Release Estimates 

The estimates of the releases during the 29 ruptures are the most uncertain 
values given in this report. The approach taken was to use qualitative 
descriptions of the events as well as any quantitative data that were available, 
and to apply professional judgement in making reasonable but conservative 
assumptions. Data and information used in developing the release estimates are 
given in the report (Part II) and in detailed attachments. This allows the reader to 
follow the logic used in making subjective assumptions and to develop alternative 
estimates if desired. 

Major assumptions made in developing release estimates included those related 
to estimates of the inventories in individual slugs, in estimating the fraction of the 
inventory released from a single slug, and in estimating the number of slugs that 
were lost in each rupture. 

Inventories of important radionuclides were developed by modifying the 
estimates developed for the Oak Ridge X-IO reactor based on the time the fuel 
channel was in the reactor and the higher BGRR flux. There is some uncertainty 
in this estimate because it does not consider the location of each cartridge in the 
reactor, however, the flux distribution across the reactor was reasonably uniform 
while the reactor was running with natural uranium fuel (BNL, 1958). 

The available information on the plutonium inventory included estimates of 0.4 
g/slug (from the X-l 0 inventory), 0.57 and 0.59 g/slug (Reactor Operations 
Monthly Reports) and 0.8 g/slug (“highest group average”, Shepherd, 1997). 
The selection of 1 g/slug used in this report is based on the expectation that the 
fuel cartridges with the longer operating histories are most likely to rupture and 
also to have the larger plutonium inventories. The 1 g/slug assumption is a high 
estimate, but is likely to be within a factor of 2 of the actual value. 

Release fractions for noble gases and iodines were based on the assumptions 
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used in the assessment of the Oak Ridge X-l 0 reactor (100% noble gases, 80% 
iodines). It was assumed that the BGRR filter and extended ductwork did not 
remove any additional noble gas or radioiodine activity. This may overestimate 
th.e quantity released but provides a reasonable assumption for noble gases. 
Assuming that 80% of the iodines in a slug were released from the stack could 
overestimate the amount released by a factor of IO. 

As discussed in detail in Part II, the number of slugs lost in a rupture, and the 
percent of particulates released from a single slug have a high degree of 
uncertainty because the measurements were very rough, and the extent to which 
the stack monitoring data for a particular rupture are relevant to other ruptures is 
also uncertain. The analysis of Rupture 29, where the entire sample is assumed 
to have been released suggests that particulate releases may be overestimated 
by about a factor of 5 or more. 

Estimates for the non-generic ruptures are more uncertain than for the generic 
rupture. Several ruptures (13, 16, and 18) were difficult to analyze because of 
conflicting or missing information. 

BMRR Routine Release Estimates 

Estimates of routine releases of argon-41 from the BMRR were derived from a 
direct relationship with power level from data collected in 1997. These emissions 
were not directly~ measured, but the relationship between power and argon-41 
should provide a reasonable estimate. Other radionuclides are released in the 
BMRR effluent, but these have extremely low activities and short-half lives and 
were not estimated. 

Other Sources of Air Emissions 

Emissions from the Hot Laboratory were estimated for the iodine production 
program and from a release of uranium hexafluoride that occurred in 1957. There 
are large uncertainties in the releases associated with these situations. Both the 
iodine and uranium releases are upper estimates. There were probably other 
small releases for radionuclides to the air during the time covered by his report, 
related to work being done at the Hot Laboratory, Medical, Chemistry and 
Biology. The significant releases were noted in the Health Physics Summary 
Reports and are reflected in this report. There are no other records of airborne 
releases from other facilities. 

7.1.2 Air, Precipitation and Settled Dust Monitoring 

External radiation levels and airborne particulate radionuclides were measured at 
area monitoring stations located on the BNL site and at the site boundary 
(Section 5). For measurements of external exposure, background at a given 
station, excluding radon and its decay products, was determined from the 
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radiation level prevailing when no obvious BNL contributions were detectable at 
the station. The potential error in making this determination was minimized by 
reference to meteorological data (to establish the direction of the reactor’s air 
effluent plume) and to the logbook indications of the gamma -field and ecology 
forest sources. 

A major confounding factor in assessing the environmental impacts of airborne 
radionuclides was the fallout from weapons tests. Furthermore, the detectors 
used during this time contained small quantities of naturally occurring 
radionuclides in the insulating material of the ion chamber that contributed to an 
over-estimate of exposures. 

Monthly-analyzed data for the perimeter monitoring stations P-2, P-4, and P-7 
are available only for 1959, 1960, and 1961. Estimates for the other years and for 
Station P-9 were derived using the relationship between argon-41 releases at the 
BGRR and measurements made at the monitoring stations when both emissions 
and boundary exposures were measured. These values are uncertain because 
they were.not measured directly, but are felt to represent reasonable estimates 
.because the relationship between the annual amount of argon-41 released by the 
BGRR and the amount of external radiation measured at the perimeter 
monitoring stations did not vary significantly over the years. 

The major uncertainty in particulate monitoring is due to the lack of data from the 
particulate air sampling program. The rain and settled dust collections provide a 
reasonable overview of the level of air contaminants, but the relationship to 
individual ruptures is quite uncertain. 

7.1.3 Liquid Emissions 

Liquid Waste System 

Data describing water flow rates and concentrations of gross beta activity were 
abstracted from monthly summary reports (Section 6). Monthly averages of the 
total beta activity concentrations were available at the lmhoff Tank and at the 
Chlorination Plant. To estimate concentrations at the site boundary, the total 
activity discharged at the lmhoff tank was calculated, and then assumed to be 
present in the water that passed station M. This is an uncertain estimate 
because the flows were affected by rainfall that occurred during the month, and 
not all of the discharged activity would actually have left the site boundary. 

In the early history of the Laboratory individual radionuclides were not usually 
analyzed for and reported separately. To support a comparison with data 
collected in later years, concentrations of cesium-137 and strontium-90 were 
estimated as a percentage of total beta activity, based on data reported for 1966 
and 1968. This relationship probably overestimates the concentrations of these 
radionuclides for the early years of the Laboratory’s history, because strontium- 
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90 and cesium-137 concentrations in the effluent would have been lower when 
the evaporator and tank farm were not in use and thus fission product waste was 
not procured for disposal. 

Flow measurements were reported at the lmhoff Tanks, the Chlorination Plant 
and perimeter station M. These flows are important because they were used to 
estimate the total activity 

Measurements in Surface Water and Milk 

Data for surface water samples in the Peconic River and other control locations 
were found only for 1960 and 1961. Data for concentrations of iodine-131 in milk 
were reported only in 1961. These samples were obtained and analyzed in 
response to a large deposition of weapons fallout. 

Losses to Groundwater 

Losses to groundwater are only qualitatively estimated for the sewage lines. It is 
known that releases to groundwater occurred through leaks in the sewage lines, 
discharges to the sand-filter beds at the sewage treatment plant, disposal of 
materials on landfills, and documented spills. Data describing these releases are 
limited in the early years of the Laboratory. As mentioned earlier these 
groundwater impacts have been identified and are being addressed under BNL’s 
Environmental Restoration Program. 

7.2. Application of the Data Given in this Report 

The data presented here are meant primarily to fill the gap in the sequence of 
BNL’s reporting of environmental monitoring data. It will also be made available 
to the ATSDR in developing a public health assessment for BNL. This report 
does not address the estimation of doses associated with BNL operations. 
However, the data presented here are of sufficient quality to form the basis of a 
screening assessment of on- and off-site doses. Transport modeling and 
conservative assumptions can be used to estimate doses to a hypothetical 
individual living at the site boundary during the early years of the site’s operation. 
This screening level analysis is the kind of assessment that is provided in BNL’s 
annual site environmental monitoring reports. 

The data are not sufficient to form the basis of a quantitative dose reconstruction. 
The screening assessment could be used to determine the need for such a time 
and resource intensive effort. If a dose reconstruction effort were to be 
completed at BNL, this report would provide a starting point for the development 
of definitive exposure estimates. 
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ATTACHMENT I-A 

POWER LEVELS AND ROUTINE EMISSIONS 
FROM THE BGRR AND BMRR 



Table IA-I. Monthly power levels and estimated routine aigon-41, iodine-131, 
particulates, and carbon-14 emissions for the BGRR when natural-uranium fuel was 
used (8/50 through 12/57). 

950 Aug 31 42.29 1.36 9.30E+03 2.16E-04 0.47 0.42 
Sep 30 7.38 0.25 1.62E+03 3.76E-05 0.08 0.07 
Ott 31 24.62 0.79 5.42E+03 1.26E-04 0.27 0.25 
Nov 30 39.26 1.31 8.64E+03 2.00E-04 0.43 0.39 
Dee 31 43.34 1.40 9.54E+03 2.21E-04 0.48 0.43 

? 951 Jan 31 211.34 6.82 4.65E+04 5.39E-03 2.32 2.11 
Feb 28 695.42 24.8 1.53E+05 1.77E-02 7.65 6.95 
Mar 31 474.58 15.3 1.04E+05 1.21E-02 5.22 4.75 
Apr 30 358.26 11.9 7.88E+04 9.14E-03 3.94 3.58 
May 31 491.36 15.9 l.O8E+05 1.25E-02 5.40 4.91 
Jun 30 478.45 16.0 l.O5E+05. 1.22E-02 5.26 4.78 
Jul 31 430.92 13.9 9.48E+04 l.lOE-02 4.74 4.31 
Aug 31 436.92 14.1 9.61E+04 l.llE-02 4.81 4.37 
Sep 30 431.00 14.4 9.48E+04 l.lOE-02 4.74 4.31 
Ott 31 556.21 17.9 1.22E+05 +l.42E-02 6.12 5.56 
Nov 30 553.95 18.5 1.22E+05 1.41E-02 6.09 5.54 
Dee 31 499.93 16.1 l.lOE+05 1.27E-02 5.50 5.00 

952 Jan 31 581.82 18.8 1.28E+05 1.48E-02 6.40 5.82 
Feb 29 549.39 18.9 1.21E+O5 1.40E-02 6.04 5.49 
Mar 31 575.19 18.6 1.27E+05 1.47E-02 6.33 5.75 
Apr 30 589.65 19.7 1.30E+05 1.50E-02 6.49 5.90 

May 31 586.26 18.9 1.29E+05 1.49E-02 6.45 5.86 
Jun 30 580.11 19.3 1.28E+05 1.48E-02 6.38 5.80 
Jul 31 538.95 17.4 l.l9E+05 1.37E-02 5.93 5.39 

Aug 31 542.14 17.5 l.l9E+05 1.38E-02 5.96 5.42 
Sep 30 619.58 20.7 1.36E+05 1.58E-02 6.82 6.20 
act 31 615.37 19.9 1.35E+05 1.57E-02 6.77 6.15 
Nov 30 598.89 20.0 1.32E+05 1.53E-02 6.59 5.99 
Dee 31 559.49 18.1 1.23E+05 1.43E-02 6.15 5.59 

953 Jan 31 669.72 21.6 1.47E+05 1.71E-02 7.37 6.70 
Feb 28 609.01 21.8 1.34E+05 1.55E-02 6.70 6.09 
Mar 31 677.51 21.9 1.49E+05 1.73E-02 7.45 6.78 
Apr 30 673.44 22.5 1.48E+05 1.72E-02 7.41 6.73 

May 31 680.60 22.0 1.50E+05 1.74E-02 7.49 6.81 
Jun 30 634.19 21.1 1.40E+05 1.62E-02 6.98 6.34 
Jul 31 634.19 20.5 1.40E+05 1.62E-02 6.98 6.34 

Aug 31 690.49 22.3 1.52E+05 1.76E-02 7.60 6.90 
Sep 30 662.32 22.1 1.46E+05 1.69E-02 7.29 6.62 
act 31 422.23 13.6 9.29E+04 l.O8E-02 4.64 4.22 
Nov 30 581.56 19.4 1.28E+05 1.48E-02 6.40 5.82 
Dee 31 484.53 15.6 1.07E+05 1.24E-02 5.33 4.85 

I 

, 
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Table IA-l. (cont.) 

fear-Month- Days/ Power for Power for Argon-41 iodine-131 Particulates Carbon-14 
month month month K4 (Ci) (CO Pi) 

(MW-day) WV 

954 Jan 31 574.57 18.5 1.26E+05 1.47E-02 6.32 5.75 
Feb 28 523.69 18.7 l.l5E+05 1.34E-02 5.76 5.24 
Mar 31 716.57 23.1 1.58E+05 1.83E-02 7.88 7.17 
Apr 30 632.88 21.1 1.39E+05 1.61E-02 6.96 6.33 

May 31 667.29 21.5 1.47E+05 1.70E-02 7.34 6.67 
Jun 30 658.15 21.9 1.45E+05 1.68E-02 7.24 6.58 
Jul 31 678.71 . 21.9 1.49E+05 1.73E-02 7.47 6.79 

Aug 31 679.51 21.9 1.49E+05 1.73E-02 7.47 6.80 
Sep 30 654.08 21.8 1.44E+05 1.67E-02 7.19 6.54 
act 31 591.88 19.1 1.30E+05 1.51E-02 6.51 5.92 
Nov 30 699.16 23.3 1.54E+05 1.78E-02 7.69 6.99 
Dee 31 647.70 20.9 1.42E+05 1.65E-02 7.12 6.48 

955 Jan 31 724.21 23.4 1.59E+05 1.85E-02 7.97 7.24 
Feb 28 682.84 24.4 1.50E+05 1.74E-02 7.51 6.83 
Mar 31 743.38 24.0 1.64E+05 1.90E-02 8.18 7.43 
Apr 30 657.70 21.9 1.45E+05 1.68E-02 7.23 6.58 

May 31 690.22 22.3 1.52E+05 1.76E-02 7.59 6.90 
Jun 30 592.02 19.7 1.30E+05 1.51E-02 6.51 5.92 
Jul 31 673.22 21.7 1.48E+05 1.72E-02 7.41 6.73 

Aug 31 675.72 21.8 1.49E+05 1.72E-02 '7.43 6.76 
Sep 30 659.37 22.0 1.45E+05 1.68E-02 7.25 6.59 
Ott 31 614.54 19.8 1.35E+05 1.57E-02 6.76 6.15 
Nov 30 568.05 18.9 1.25E+05 1.45E-02 6.25 5.68 
Dee 31 591.41 19.1 1.30E+05 1.51E-02 6.51 5.91 

356 Jan 31 672.04 21.7 1.48E+05 1.71E-02 7.39 6.72 
Feb 29 629.89 21.7 1.39E+05 1.61E-02 6.93 6.30 
Mar 31 612.87 19.8 1.35E+05 1.56E-02 6.74 6.13 
Apr 30 669.39 22.3 1.47E+05 1.71E-02 7.36 6.69 

May 31 540.06 17.4 l.l9E+05 1.38E-02 5.94 5.40 
Jun 30 617.06 20.6 1.36E+05 1.57E-02 6.79 6.17 
Jul 31 681.83 22.0 1.50E+05 1.74E-02 7.50 6.82 

Aug 31 633.31 20.4 1.39E+05 1.61E-02 6.97 6.33 
Sep 30 645.56 21.5 1.42E+05 1.65E-02 7.10 6.46 
act 31 599.90 19.4 1.32E+05 1.53E-02 6.60 6.00 
Nov 30 634.67 21.2 1.40E+05 1.62E-02 6.98 6.35 
Dee 31 461.56 14.9 l.O2E+05 l.l8E-02 5.08 4.62 



Table IA-l. (cont.) 

Year-Month Days/ 
month 

Power for 
month 

(MW-day) 

957 Jan 31 605.40 
Feb 28 582.36 
Mar 31 633.57 
Apr 30 606.39 

May 31 607.18 
Jun 30 602.59 
Jul 31 603.33 

Aug 31 618.17 
Sep 30 343.13 
act 3i 368.49 
Nov 30 423;97 
Dee 31 312.62 

Power for 
month 
PW 

Argon-41 
(W 

19.5 1.33E+05 
20.8 1.28E+05 
20.4 1.39E+05 
20.2 1.33E+05 
19.6 1.34E+05 
20.1 1.33E+05 
19.5 1.33E+05 
19.9 1.36E+05 
11.4 7.55E+04 
11.9 8.11E+Q4 
14.1 9.33E+04 
10.1 6.88E+04 

Iodine-l 31 
(CO 

Particulates 
(Ci) 

Carbon-l 4 
(Ci) 

.., l .!SE-0; 6.66 6.05 
1.49E-0; 6.41 5.82 
1.62E-0: 6.97 6.34 
1.55E-OZ 6.67 6.06 
1.55E-0; 6.68 6.07 
1.54E-0; 6.63 6.03 
1.54E-Oi 6.64 6.03 
1.58E-Oi 6.80 6.18 
8.75E-01 3.77 3.43 
9.40E-0: 4.05 3.68 
l.O8E-oi 4.66 4.24 
7.97E-O? 3.44 3.13 
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Table IA-2. Monthly power levels and estimated routine argon-41, iodine-l 31, and 
carbon-14 emissions for the BGRR when enriched fuel was used (January 1958 
through December 1961). 

Year-Month Days/ Power for Power for Argon-41 Iodine-131 Particulates Carbon-14 
month month month W (CO P) (CO 

(MW-day) (MW) 
I958 Jan 31 387.08 12.5 3.78E+05 1.97E-01 27.10 17.0 

Feb 28 330.63 11.8 3.23E+05 1.69E-01 23.14 14.6 
Ma 31 245.02 7.90 2.39E+05 1.25E-01 17.15 10.8 
Apr 30 142.69 4.76 1.39E+05 7.28E-02 9.99 6.28 

May 31 271.15 8.75 2.65E+05 1.38E-01 18.98 11.9 
Jun 30 311.79 10.4 3.05E+05 1.59E-01 21.83 13.7 
Jul 31 336.26 10.9 3.29E+05 1.71E-01 23.54 14.8 

Aug 31 390.06 12.6 3.81E+05 1.99E-01 27.30 17.2 
Sep 30 407.86 13.6 3.98E+05 2.08E-01 28.55 18.0 
act 31 406.72 13.1 3.97E+05 2.07E-01 28.47 17.9 
Nov 30 426.02 14.2 4.16E+05 2.17E-01 29.82 18.7 
Dee 31 327.84 10.6 3.20E+05 1.67E-01 22.95 14.4 

~ 959 Jan 31 434.19 14.0 4.24E+05 2.21E-01 30.39 19.1 
Feb 28 386.23 13.8 3.77E+05 1.97E-01 27.04 17.0 
Mar 31 433.43 14.0 4.23E+05 2.21E-01 30.34 19.1 
Apr 30 424.42 14.2 4.15E+05 2.16E-01 29.71 18.7 

May 31 391.30 12.6 3.82E+05 2.00E-01 27.39 17.2 
Jun 30 425.84 14.2 4.16E+05 2.17E-01 29.81 18.7 
Jul 31 493.72 15.9 4.82E+05 2.52E-01 34.56 21.7 

Aug 31 494.85 16.0 4.83E+05 2.52E-01 34.64 21.8 
Sep 30 449.18 15.0 4.39E+05 2.29E-01 31.44 19.8 
act 31 480.88 15.5 4.70E+05 2.45E-01 33.66 21.2 
Nov 30 487.20 16.2 4.76E+05 2.48E-01 34.10 21.4 
Dee 31 348.44 11.2 3.40E+05 1.78E-01 24.39 15.3 

960 Jan 31 476.79 15.4 4.66E+05 2.43E-01 33.38 21.0 
Feb 29 497.29 17.2 4.86E+O5 2.54E-01 34.81 21.9 
Mar 31 421.00 13.6 4.11E+05 2.15E-01 29.47 18.5 
Apr 30 382.81 12.8 3.74E+05 1.95E-01 26.80 16.8 

May 31 457.02 14.7 4.47E+05 2.33E-01 31.99 20.1 
Jun 30 462.45 15.4 4.52E+05 2.36E-01 32.37 20.4 
Jul 31 450.82 14.5 4.40E+05 2.30E-01 31.56 19.8 

Aug 31 494.67 16.0 4.83E+05 2.52E-01 34.63 21.8 
Sep 30 428.14 14.3 4.18E+05 2.18E-01 29.97 18.8 
act 31 454.55 14.7 4.44E+05 2.32E-01 31.82 20.0 
Nov 30 477.37 15.9 4.66E+05 2.43E-01 33.42 21.0 
Dee 31 359.48 11.6 3.51E+05 1.83E-01 25.16 15.8 
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Table A-2. (cont.) 

Power for Power for 
month Month 

(MW-day) (MW) 

Feb 28 
Mar 31 

Apr 30 

May 31 
Jun 30 
Jul 31 

4 31 

Sep 30 
Ott 31 
Nov 30 
Deq 31 

414.71 13.4 4.05E+05 
376.43 13.4 3.68E+05 
559.23 18.0 5.46E+05 
442.70 14.8 4.33E+05 
546.60 17.6 5.34E+05 
507.18 16.9 4.96E+05 
545.19 17.6 5.33E+05 
467.28 15.1 4.57E+05 
418.57 14.0 4.09E+05 
465.48 15.0 4.55E+05 
541.93 18.1 5.29E+05 
417.07 13.5 4.07E+05 

L - 

Argon-41 
W 

Iodine-131 
(CO 

2.12E-01 29.0 23.2 
1.92E-01 26.4 22.3 
2.85E-01 39.2 22.2 
2.26E-01 31.0 24.5 
2.79E-01 38.3 22.9 
2.59E-01 35.5 20.8 
2.78E-01 38.2 20.1 
2.38E-01 32.7 23.0 
2.13E-01 29.3 17.0 
2.37E-01 32.6 20.4 
2.76E-01 37.9 19.9 
2.13E-01 29.2 17.0 

Particulates Carbon-14 
(CO (CO 
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Table IA-3. Power history, argon-41, and carbon-14 released from the BMRR. 

Month MW-hours Argon-41 Carbon-14 
W (Ci) 

1959 W 5.7 12.0 2.0x10+ 
May 10.8 22.7 3.9 x IO4 
Jun 16.2 34.2 5.8~10~ 
Jul 27.8 58.6 1.0x loa 

Aug 29.6 62.4 1.1 x 1o-3 
Sep 7.8 16.5 2.8x IO4 
act 8.2 17.3 2.9x IO4 
Nov 8.7 18.3 3.1 x104 
Dee 17.5 37.0 6.3~10~ 

innual Total 279 4.7x103 
1960 Jan 3.1 6.5 1.1 x IO4 

Feb 13.0 27.4 4.7x10q 
Mar 19.9 42.0 7.1 x IO4 
Apr 13.3 28.1 4.8~10~ 

May 32.2 67.9 1.2x109 
Jun 15.1 31.9 5.4 x IO4 
Jul 55.5 117 2.0 x IO9 

Aw 152 321 5.5 x 1o-3 
Sep 61.6 130 2.2x10a 
act 55.4 117 2.0 x IO” 
Nov 70.7 149 2.5~10~ 
Dee 16. 8 35 6.0 x IO4 

mnual Total 1073 1.8x10-* 

961 Jan 31.5 66.4 1.1 x 1o-3 
Feb 28.4 59.8 1.0x IO9 
Mar 26.8 56.6 9.6x IO4 
Apr 47.0 99.1 1.7x 1o-3 

May 39.2 82.8 1.4x 1o-3 
Jun 30.2 63.8 1.1 x 1o-3 
Jul 32.7 69.1 1.2x10" 

Aw 54.6 115 2.0 x IO9 
Sw 11.6 24.5 4.2x IO4 
act 19.4 40.9 7.0x IO4 
Nov 13.6 28.7 4.9x IO4 
Dee 13.4 28.3 4.8~10~ 

nnual Total 735 1.2 x lo-* 
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Table IA4 Derivation of argon-41 to power ratio for the BMRR, 
emissions data for 1997. 

II Month 

Jan 125.81 
Feb 92.92 
Mar 15.02 

Apr 166.35 

May 58.42 
Jun 116.15 
Jul 81.32 

Aw 65.66 

Sw 65.83 
act 95.25 
Nov 103.74 
Dee 61.78 

Average Annual L 

MW-hour Argon-41 
PiI 

224 
172 
28 

278 
109 
121 
120 
275 
166 
320 
189 
217 

87.44 185 

Ratio (CVMW-hour) 2.11 

Table IA-5. Derivation of relationship between argon-41 release from the 
and average external exposures at boundary and on-site area monitoring 
stations. 

* July through December only 
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(I April 1 0.69 ) 0.58 1 0.22 

NA: not available 

Table IA-7. BNL related radiation levels at area monitoring stations in 19L 

NA: not available 

( U.JY , U.,L 1 u.34.. 1 26.5 I 30.7 I 37.4 I 1; 

* includes radiation levels associated with the ecology forest 
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Table I&l. 1951 lmhoff Tank Flow, Gross Bela, Strontium-SO, and C&urn137; 
amounts and concentrations. 

Month 
January 
FebrUy 

Gloss Bata Stmntium-SO* Cesium-137 
flow COIIC. AllKlUllt cont. AmoUld COW. Almunt 
1001 pcii mCl pml mCi pCf mCi 

ND ND ND ND ND ND ND. 
ND 200 ND 20 ND 100 ND 

March 0.03 300 8.1 30 0.8 150 4.1 
April 0.02 250 5.6 25 0.6 125 29 
May 0.03 2200 65.6 220 6.6 1100 32.8 
Julie 0.04 250 0.8 25 0.9 125 4.4 
July 0.04 80 3.3 .3 0.3 40 1.7 
Avgust 0.04 240 10.3 24 1.0 120 5.1 
September 0.03 1600 53.5 160 5.4 800 26.6 
OCtObe, 0.02 220 5.0 22 0.5 110 25 
November 0.03 210 5.4 21 0.5 105 27 
D.¶cember 0.02 300 7.1 30 0.7 150 3.6 

Total 0.31 173.1 17.3 
Weighted Average” 566 57 263 
ND: no data 
* Strontium90 and Cesium137 remmtructed from an average of 1966 and 1966 ratio to Gross Beta 
(ST-So=lO%. cs-137x50%). 
** Weighted average = total amount (mCi)kklflow (104). 

65.5 

Table I52 1351 Chlorinating Plant. Flow, Gross Beta, Strontium-90, and C&urn137; 
amounts and concentrations. 

Month 
January 

Flow 
10’1 

ND 

Gmss Beta Struntium-SD Cesium-137 
cane. Amount COIIC. A,l?%.Inl cane. Amount 
pan mCi pcln mCi pcii mCi 

ND ND ND ND ND ND 
February ND lo-50 ND l-5 ND 5-25 ND 
UW2h ND 113 ND 11 ND 57 ND 
April 0.02 25 0.4 3 0.0 13 0.2 
M=Y 0.02 180 3.3 ia 0.3 so 1.6 
Julie 0.02 86 1.8 9 0.2 43 0.9 
July 0.03 25 0.7 3 0.1 13’ 0.3 
Augd 0.02 130 3.2 13 0.3 65 1.6 
September 0.02 190 3.4 19 0.3 95 1.7 
October 0.02 120 2.2 12 0.2 60 1.1 
November 0.02 90 1.9 9 0.2 45 1.0 
December 0.02 90 1.8 9 0.2 45 0.9 

Total 0.18 18.5 1.9 
Weighted Average” 102 10 51 
ND: no data 
* Strontium90 and Cesium-137 reconstructed from an average of 1966 and 1966 ratio to Gross Beta 
(Sr-90=10%. cs-137=50%). 
** Weighted average = total amount (mCi)&tal flow (lo?). 

9.3 

Table 153. 1951 Boundary Station M. Flow, Gross Beta, Strontium-90 and Ceslum137 
amounts and concentrations. 

Gross Beta* 3tmntium-SO” Cesium-137 
flow cons. AmOunt COllC. AmDUnl Cone. Amount 

Total 0.28 24.9 25 12.4 
Welghted Average- aa 9 44 
ND: no data 
* Gross beta concentration calculated from total amount (mCi) at Chlorlnatmg Plant, divided by the flow 
at the boundary or the Chlorinating Plant, whichever was greater. 
** Strontium-90 and Cesium-137 reconstructed based on an average of 1966 and 1968 ratio to Gross Beta 
(sr-90=10%, cs-137=50%). 
**’ Weighted average = total amount (mCi)&tal flow (10’1). 

18-2 

‘Month 10’1 pal mCi pcll 
January ND ND ND ND 
FebrUarV 0.07 10-50 3.5 l-5 
March ’ 0.03 113 2.9 11 
April 0.03 13 0.4 1 
May 0.02 134 3.3 13 
June 0.02 64 1.8 8 
July 0.02 25 0.7 3 
August 0.02 130 3.2 13 
September 0.01 190 3.4 19 
October 0.01 120 2.2 12 
NOVembt?, 0.02 76 1.9 a 
DeCZmber 0.02 74 1.8 7 

mCi pcii 
ND ND 
0.4 5-25 
0.3 57 

mCi 
ND 

1.8 
1.4 

0.0 7 0.2 
0.3 67 1.6 
0.2 42 0.9 
0.1 13 0.3 
0.3 65 1.6 
0.3 95 1.7 
0.2 60 1.1 
0.2 39 1.0 
0.2 37 0.9 



Table 18-4.1952 lmhofl Tank Flow, Grrrss Beta, Strontium-SO. and Cesium.f37; 
amounts and concentrations. 

Month 
Janwv 

Gmss Beta Slronlium-90. Cesium-137 
flow Corm. AllWllnt Ccnc. Amount Cant. Anwunl 
10’1 PCii mC1 pclil mCi pcii mCi 

0.02 150 3.7 15 0.4 75 18 
Febn& 
MWCh 
April 
M=Y 
June 
July 
AugM 
September 
October 
NOVemb.2,’ 
December 

0.02 
0.02 
0.03 
0.03 
0.03 
0.04 
0.04 
0.03 
0.03 
0.03 
0.03 

220 
210 
700 
340 
740 
170 
510 
460 
240 

88 
77 

5.1 
5.1 

17.7 
11.0 
23.0 

6.3 
19.6 
14.9 
6.9 
1.9 
2.2 

22 0.5 
21 0.5 
70 1.8 
34 1.1 
74 24 
17 0.6 
51 20 
48 1.5 
24 0.7 

7 0.2 
8 0.2 

1;; 
105 
350 
170 
370 

a8 
255 
230 
120 
34 
39 

2.5 
2.5 
a.9 
5.5 

11.9 
3.2 
9.8 
7.4 
3.4 
1.0 
1.1 

Total 
Weighted Average” 
ND: na data 

0.36 
333 

116.2 
33 

il.8 59.1 
166 

* Stmntiurrr90 and Cesium-137 recanstmctedfrom en everage of 1968 end 1968 ratio to Gross Beta 
(sr-90=10%. Cs-137=50%). 
‘* Welghted everage = total amount (mCi)notel flow (IO?). 

Table 18-5. 1952 Chlorinating Plant. Flow, Gross Beta, Strontium-SO, and Cesium-137; 
amounts end concentrations. 

Mcnth 
January 
Februarv 

Flow 
1091 

0.02 
0.02 

Grcss Beta 
Corm. AllXUlt 
pcvl mCi 

50 1.1 
70 1.5 

Strontium-90’ C&urn-137 
Cont. Amount Cone. All-lOUnt 
pcii mCi PCVl mCi 

5 0.1 25 0.5 
7 0.1 36 0.7 

March _ 
April 
M=Y 
June 
July 
August 
September 
October 
November 
December 

0.02 
0.02 
0.03 
0.03 
0.03 
0.03 
0.03 
0.02 
0.02 
0.02 

a0 
140 
100 
150 
60 

190 
110 
a0 
36 
45 

1.6 
2.7 
2.9 
4.3 
I.8 
6.1 
3.0 
1.3 
0.6 
0.7 

a 0.2 
14 0.3 
10 0.3 
15 0.4 
8 0.2 

19 0.8 
11 0.3 
a 0.1 
4 0.1 
5 0.1 

40 0.9 
70 1.3 
50 1.4 
75 22 
30 0.9 
95 3.1 
55 1.5 
40 0.7 
18 0.3 
23 0.3 

Total 0.28 27.8 28 13.9 
Weighted Average” 99 10 50 
ND: M data 
* Strontium-90 and Cesium-137 remrstructedfrom an average of 1968 and 1988 ratio to Gross Beta 
(ST-Sod 0%. cs-137=50%). 
** Weighted average = total amount (mCi)Aotal flow (loal). 

Table IB-6. 1952 Boundary Station M. Flow. Gross Beta, Strontium-SO, and Cesium-137; 
amounts and concentrations. 

Month 
January 

Gmst Beta’ Stmntium-90* Cesium43F 
Flow cont. AmoUnt Cont. Amounl Cont. Amamt 
10’1 .pm mCi pm mCi pain mCi 

0.03 32 1.1 3 0.1 16 0.5 
Febrl& 
March 
April 
M=Y 
June 
July 
August 
September 
October 
November 
December 

0.03 
0.06 
0.06 
0.13 
0.14 
0.05 
0.04 
0.02 
0.01 
0.02 
0.02 

43 
33 
42 
22 
32 
36 

159 
110 
a0 
34 
34 

1.5 
1.8 
2.7 
2.9 
4.3 
i.a 
6.1 
3.0 
1.3 
0.6 
0.7 

4 0.1 
3 0.2 
4 0.3 
2 0.3 
3 0.4 
4 0.2 

16 0.8 
11 0.3 
8 0.1 
3 0.1 
3 0.1 

22 
17 
21 
11 
16 
ia 
80 
55 
40 
17 
17 

0.7 
0.9 
1.3 
1.4 
2.2 
0.9 
3.1 
1.5 
0.7 
0.3 
0.3 

Total 0.62 27.8 2.8 13.9 
Weighted Average”’ 45 4 22 
* Gross Beta concentration calculated from total amount (mCI) at Chlorinating Plant. divided by the flow 
at the boundary or the Chlorinating Plant, whichever was greater. 
‘* Strontium-SO and Cesium-137 reconstructed from en average of 1968 end 1968 ratio to Gross Beta 
(SF904 O%, cs-137=50%). 
*** Weighted average =total amount (mCi)Aotal flow (lOsl). 
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Table l&7.1953 lmhofl Tank Flow, Gross Beta, SlrcntiumSO, and Cesium137; 
amounts and concentrations. 

Month 
January 

Grass Beta Stmntium-SO’ cesium-13T 
Flow ConC. Amount Corm. Amount cont. Amount 
10’1 p!m mCi Pctffl mCi pal mCi 

0.03 640 19.7 64 20 320 9.8 
February 0.03 540 14.5 54 1.4 270 7.2 
March 0.03 770 22.4 77 22 385 11.2 
April 0.03 380 10.5 38 1.1 190 5.3 
M=Y 0.03 250 8.0 25 0.a 125 4.0 
June 0.03 190 6.6 19 0.7 95 3.3 
July 0.04 74 3.0 7 0.3 37 1.5 
AllguSt 0.04 160 6.4 16 0.6 80 3.2 
September 0.04 230 9.0 23 0.9 115 4.5 
October 0.04 420 la.1 42 1.6 210 a.0 
November 0.03 130 4.5 13 0.5 65 23 
December 0.04 120 4.4 12 0.4 60 22 

Total 0.41 125.1 125 
Weighted Avera e” 305 30 152 
ND: rw data 
* Strontium90 and Cesium137 reconstructed from an average of 1968 and 1968 ratio to Gross Beta 
(sr-So=lO%, cs-137=50%). 
** Weighted average = total amount (mCf)Rotal flow (IO?). 

62.5 

Table 18-6.1953 Chlorinating Plant. Flow. Gross Beta, Strontium-SO, and Cesium-137: 
amounts and concentrations. 

Month 
January 

Grass Beta Stmntium-SO’ Cesium-137 
Flow Cow. Amourl Cont. AfIbOWd cone. Amaunt 
10’1 PCii mCi i/l mCl pciil mCi 

0.02 480 9.1 48 0.9 240 4.8 
FebNary 0.02 350 5.7 35 0.6 175 2.6 
f&,Ch 0.02 220 4.9 22 0.5 110 2.4 
April 0.02 180 3.8 18 0.4 90 1.9 
M=Y 0.02 60 1.5 6 0.1 30 0.7 
June 0.03 70 21 7 0.2 35 1.1 
July 0.04 32 1.2 3 0.1 16 0.6 
August ND 44 ND 4 ND 22 ND 
September 0.04 52 2.0 5 0.2 26 1.0 
October 0.03 50 1.6 5 0.2 25 0.8 
Novem!~er 0.03 40 1.2 4 0.1 20 0.6 
December 0.03 30 1.0 3 0.1 15 0.5 

Total 0.31 34.2 3.4 17.1 
Weighted Average” 
ND: ix) data 

111 11 55 

* Strontium90 and Cesium137 reconstructed from an average of 1986 and 1968 ratio to Gross Beta 
(.5+90=10%, cs-137=50%). 
** Weighted average = total amount (mCi)Rotal flow (10-Y). 

Table B-9. 1953 Boundary Station M. Flow. Gross Beta, Strontium-SO, and Cesiurn-137; 
amounts and concentraticns. 

Gmss Beta’ Strontium-SO” Cesium-13F 
Flow corm. Amount ConS. Alll0ui-d cont. AIlWWlt 

Month 10’1 pcvl mCi PCM mCi PCf mCi 
January 0.03 265 9.1 27 0.9 133 4.8 
F&L& 0.03 172 5.7 17 0.8 66 28 
March 0.17 29 4.9 3 0.5 15 2.4 
April 0.29 13 3.8 1 0.4 7 1.9 
M=Y 0.29 5 1.5 1 0.1 3 0.7 
June 0.21 10 2.1 1 0.2 5 1.1 
July 0.11 12 1.2 1 0.1 6 0.6 
August 0.08 ND ND ND NO ND ND 
September 0.05 43 2.0 4 0.2 21 1.0 
October 0.05 36 1.6 4 0.2 18 0.8 
November 0.05 26 1.2 3 0.1 13 0.8 
December 0.09 11 1.0 1 0.1 6 0.5 

Total 
Weighted Average”’ 
ND: no data 

1.36 34.2 3.4 17.1 
25 3 13 

* Gross Beta concentration calculated from total amount (ma) at Chlorinating Plant, divided by the flow 
at the boundary or the Chlorinating Plant, whichever was greater. 
** Strontium-90 and Casium-137 reconstructed from an average of 1986 and 1966 ratio to Gross Beta 
(sr-9o=10%, cs-137=50%). 
.* ‘Weighted average = total amount (mCi)Aotal flow (lOgI). 
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Table 18-10.1954 lmhcff Tank Flow, Grcss Beta, Strontium-90, andCesiuml37; 
amounts and concentrations. 

Month 
JanL!kIEary 

Gloss Beta Strontium-90’ Cesium-137 
flow fxmc. AI”CU”t CC”C. A”lClu”t Ccnc. A”-lCUnt 
ldl pal mCi fail mCi pal mC1 

0.03 182 5.9 18 0.6 91 3.0 
February 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

0.03 
0.03 
0.03 
0.03 
0.04 
0.05 
0.04 
0.04 
0.04 
0.03 
0.00 

317 
620 
550 
270 
342 
370 
500 
390 
414 
790 
430 

9.3 
20.1 
18.4 
9.0 

125 
16.9 
22.3 
13.6 
15.0 
24.8 

0.0 

32 0.9 
62 20 
55 1.6 
27 0.9 
34 1.3 
37 1.7 
50 2.2 
39 1.4 
41 1.5 
79 25 
43 0.0 

159 4.7 
310 10.0 
275 9.2 
135 4.5 
171 6.3 
165 8.4 
250 11.1 
195 6.9 
207 7.5 
395 124 
215 0.0 

Total 0.39 167.9 16.8 
Wei. hted Avera. e” 430 43 215 
ND: no data 
* Strontium-90 and Cesium-137 reconstructed from an average of 1.966 and 1966 ratio to Gross Beta 
(sr-SO=lO%, cs-137=.50%). 
*’ Weighted average = total amount (mCl)kctal flow (104). 

84.0 

Table I&l 1. 1954 Chlorinating Plant. Flow. Gross Beta, Strontium-SO, and Cesiuml37; 
amounts and concentrations. 

Month 
January 

Gloss Beta Strontium-90. Cesium-I 37 
Flow cont. Amount CO”C. A”iUUId Cons. AmDu”t 
10’1 pcff. mCi pal mCI pcul mCi 

0.03 64 1.6 6 0.2 32 0.8 
F&Nary 0.02 73 1.7 7 0.2 37 
March 0.03 95 25 10 0.3 48 
April 0.03 160 4.8 16 0.5 80 
May 0.04 50 1.6 5 0.2 25 
June 0.03 72 22 7 0.2 36 
July 0.03 130 4.5 13 0.4 65 
August 0.05 140 6.3 14 0.6 70 
September 0.04 70 3.0 7 0.3 35 
October 0.04 64 2.4 6 0.2 32 
NCVEXXJJer 0.03 190 5.0 19 0.5 95 
December 0.00 80 0.0 a 0.0 40 

Total 0.36 35.9 3.6 
Weighted Average” 100 10 50 
ND: no data 
’ Strontium-SO and Cesiuml37 reconstructed from an average of 1966 and 1968 ratio to Gross Eeta 
(ST-SO=lO%, cs-137=50%). 
** Weighted average = total amount (mCi)k4al flow (10’1). 

0.9 
1.3 
2.4 
0.9 
1.1 
2.2 
3.2 
1.5 
1.2 
25 
0.0 

16.0 

Table 1512. 1954 Boundary Station M. Flow, Gross Beta, Strontium-SO. and Cesium-137; 
amounts and concentmtiins. 

Month 
JEl”lEl~ 

Flow 
lOPI 

0.07 

Gross Bets* 
CCnC. Amount 
pCi mCi 

24 1.6 

Strontium-90” 
CO”C. Amount 
pcul mCi 

2 0.2 

Cesium-137 
CC”% Amount 
PCffl mCi 

12 0.8 
February 
March 
April 
May 
June 
July 
August 
September 
October 
Ncvenber 
December 

0.04 
0.04 
0.04 
0.06 
0.04 
0.03 
0.05 
0.09 
0.10 
0.08 
0.12 

45 
66 

111 
2s 
52 

130 
122 
34 
25 
62 

0 

1.7 
2.5 
4.6 
i.a 
22 
4.5 
6.3 
3.0 
2.4 
5.0 
0.0 

4 0.2 
7 0.3 

11 0.5 
3 0.2 
5 0.2 

13 0.4 
12 0.6 
3 0.3 
2 0.2 
6 0.5 
0 0.0 

22 0.9 
33 1.3 
55 2.4 
16 0.9 
26 1.1 
65 2.2 
61 3.2 
17 1.5 
12 1.2 
31 2.5 

0 0.0 

Total 
Weighted Average”’ 
ND: no data 

0.76 35.9 3.6 18.0 
47 5 24 

* Grcss Beta concentration calculated from total amount (ma) at Chlorinating Plant, divided by the flow 
at the boundary or the Chlorinating Plant. whichever was greater. 
‘* strontium-90 and C.&urn-137 reconstructed from a” average of 1966 and 1969 ratio to Gross Beta 
(Sr-So=lO%. cs-137-50%). 
**‘Weighted average = total amount (mCi)Aotalflow (10’1). 



Table l&13.1955 lmhoff Tank Flow, Gross Beta. GtrcntiumSO, andCesium-137; 
amounts and mncentatlons. 

Month 
January 

Gross Beta strontium-90’ Cesium-137 
Row CO”C. Amount CO”C. AlWU”t Cont. AtWJ!J”t 
1001 pclil mCi PCii mCi pm mCi 

0.04 290 10.2 29 1.0 145 5.1 
February 0.03 520 15.8 52 1.6 260 7.9 

Table E-14.1955 Chlorinating Plant Flow. Gross Beta, Gtrcntium-SO. and Csslum137; 
amounts and concentrations. 

Month 
January 
FehrUalV 

Flow 
10’1 

0.04 
0.03 

Grcss Beta 
ccnc. 
pCi ?Z* 

so 3.6 
150 4.7 

Strontium-SO’ Cesiurrk13;r 
CCilC. AlllCiInt CC”C. AmOUrIt 
pCtffl ‘mCi pal mCi 

9 0.4 45 1.8 
15 0.5 75 24 

March 0.04 110 4.0 i 11 0.4 55 20 
April 0.04 230 9.4 23 0.9 115 4.7 
May 0.04 310 10.9 31 1.1 155 5.5 
June 0.04 260 9.9 26 1.0 130 5.0 
July 0.04 209 6.3 20 0.6 109 4.2 
August 0.05 190 6.9 19 0.9 95 4.5 
September 0.04 146 5.4 14 0.5 70 2.7 
Ootcber 0.03 140 4.6 14 0.5 70 2.3 
November 0.03 110 3.2 11 0.3 55 1.6 
December 0.03 so 2.7 9 0.3 45 1.4 

Total 0.44 75.7 7.6 
Wei hted Avera e” 171 17 66 
ND: no data 
* Strontium90 and Cesium-137 reoonstructedfrcm an average of 1966 and 1966 ratio to Gross Beta 
(sr-so=lO%, cs-137=50%). 
**Weighted average = total amount (mCi)Rotal flow (lo?). 

37.9 

Table E-15. 1955 Boundary Station M. Flow, Gross Beta, Strontium-SO, and Cesium137; 
amounts and concentrations. 

Gmss Bet& Strontium-SO* Cesium-137 
Flow COnC. Amount Ccnc. Amount ccnc. Amount 

Month 10’1 pm 
January 0.21 17 
February 0.15 32 
March 0.14 28 
April 0.14 68 
M=Y 0.12 89 
June 0.08 126 
JW 0.04 200 
August 0.06 157 
September 0.05 109 
October 0.07 69 
November 0.21 15 
December 0.20 14 

mCi pm mCi 
3.6 2 0.4 
4.7 3 0.5 
4.0 3 0.4 
9.4 7 0.9 

10.9 9 1.1 
9.9 13 1.0 
8.3 20 0.8 
8.9 16 0.9 
5.4 11 0.5 
4.6 7 0.5 
3.2 2 0.3 
2.7 1 0.3 

pm mCi 
9 1.8 

16 2.4 
14 2.0 
34 4.7 
45 5.5 
63 5.0 

100 4.2 
79 4.5 
54 2.7 
34 23 

8 1.6 
7 1.4 

Total 
Weighted Average”’ 
ND: no data 

1.47 75.7 7.6 37.9 
52 5 26 

* Gross Beta concentration calculated from total amount (ma) at Chlorinating Plant, divided by the flow 
at the boundary or the Chlorinating Plant, whichever was greater. 
** Strontium-SO and Cesium137 reconstructed from an average of 1966 and 1968 ratio to Gross Beta 
(sr-90=10%, cs-137=50%). 
*** Weighted average = total amount (mCi)Actal flow (10’1). 
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March 0.03 330 11.5 33 1.2 165 
April 0.04 a46 33.0 84 3.3 420 
M=Y 0.04 820 34.7 a2 3.5 410 
June 0.04 500 21.9 50 2.2 250 
July 0.05 250 13.3 25 1.3 125 
August 0.05 410 22.3 41 22 205 
September 0.04 250 10.6 25 1.1 125 
October 0.04 480 18.5 46 1.6 240 
November 0.03 370 11.8 37 1.2 185 
December 0.03 410 12.9 41 1.3 205 

Total 0.46 216.5 21.7 
Wel hted Avera e” 453 45 227 
ND: no data 
* Strontium-90 and Ceslum137 remrwtructed from an average of 1966 and 1968 ratio to Gross Beta 
(Sr-SOzlO%, Cs-137=50%). 
*’ Weighted average = total amount (mCl)Actal flow (lo!?). 

5.8 
16.5 
17.4 
10.9 
6.7 

11.1 
5.3 
9.2 
5.9 
6.5 

108.3 



Table 1516.1956 lmhcff Tank Flow, Gross Beta, strontium-9.0 and Cesiuml37; 
amounts and concentrations. 

Month 
January 

flow 
10’1 

0.03 

Gross Beta 
Cone. Amcurd 
pcflt mCi 

450 14.6 

6tmntium-SO* Cesium-137 
Ccnc. Amount CC”C. A”?CU”t 
pCi mCi pcii mCi 

45 1.5 225 7.4 
February 
March 
April 
M=Y 
June 
Julv 
August 
September 
Octcber 
November 
December 

0.03 
0.04 
0.03 
0.04 
0.04 
0.05 
0.07 
0.06 
0.04 
0.04 
0.04 

320 
450 
370 
300 
380 
310 
370 
210 
200 
220 
330 

10.5 
16.1 
11.9 
11.5 
16.7 
16.6 
24.8 
11.7 
8.9 
8.9 

13.7 

32 1.0 
45 1.6 
37 1.2 
30 1.2 
36 1.7 
31 1.7 
37 2.5 
21 1.2 
20 0.9 
22 0.9 
33 1.4 

160 5.2 
225 8.0 
165 6.0 
150 5.8 
190 8.4 
155 a.3 
165 12.4 
105 5.6 
100 4.4 
110 4.4 
165 6.6 

Total 0.52 166.1 16.6 83.0 
Wei hted Avera. e” 320 32 160 
ND no data .-. ..- --.- 
’ Gtrcntium90 and Cesium-137 reocnstructed from an average of 1966 and 1968 ratio to Gross Beta 
(Sr-90=10%. Cs-137=50%). 
*’ Weighted average = total amount (mCl)rtotal flow (lo?). 

Table 18-17.1956 Chlcrinatlng Plant Flow, Gross Beta, 6trcntlum-SO. and Cesium-137; 
amounts and ccncentrattcns. 

Gmss Beta Stmntium-90’ Cesium-137 
flow CC”C. A”WU”t CO”& Amount CO”0. AlllCU”t 

Month 10’1 pcii mCi PCii mCi pcvl mCi 
January 0.03 200 6.1 20 0.6 100 3.0 
Febru& 
March 
April 
May 
June 
July 
August 
September 
October 
November 
December 

0.03 
0.04 
0.03 
0.04 
0.04 
0.04 
0.05 
0.05 
0.04 
0.03 
0.04 

so 29 
70 2.5 
80 2.8 
so 3.3 

150 5.3 
190 7.4 
160 9.0 
so 4.2 
70 2.7 
70 2.4 

120 4.4 

9 0.3 
7 0.3 
8 0.3 
9 0.3 

15 0.5 
19 0.7 
16 0.9 
9 0.4 
7 0.3 
7 0.2 

12 0.4 

45 
35 
40 
45 
75 
95 
so 
45 
35 
35 
60 

1.4 
1.3 
1.4 
1.6 
2.6 
3.7 
4.5 
2.1 
1.3 
1.2 
2.2 

26.4 Total 
Weighted Average*’ 
ND: no data 

0.45 52.9 5.3 
118 12 59 

* 6?rcntlumSO and Ceslum-137 remnstructed from an average of 1966 and 1966 ratio to Gross Beta 
(Sr-So=lO%, cs-137=50%). 
‘* Welghted average = total amount (mCi)Actal flow (104). 

Table 18-16. 1956 Boundary Station M. Flow, Gross Beta, Strcntlum-SO, and Cesiuml37; 
amounts and ccncentratlcns. 

Month 
January 

Flow 
10’1 

0.15 

Gross Beta’ 
Cont. Amount 
pcul mCi 

40 6.1 

Strontium-SO” cesium-137” 
Cow. AmoUnt ccnc. Amount 
pcvl mCi pcll mCi 

4 0.6 20 3.0 
February 
March 
April 
M=Y 
June 
July 
August 
September 
October 
November 
December 

0.20 
0.27 
0.31 
0.30 
0.24 
0.17 
0.15 
0.09 
0.06 
0.06 
0.06 

14 
9 
9 

11 
22 
42 
61 
47 
42 
44 
72 

2.9 
2.5 
2.8 
3.3 
5.3 
7.4 
9.0 
4.2 
2.7 
2.4 
4.4 

1 0.3 
1 0.3 
1 0.3 
1 0.3 
2 0.5 
4 0.7 
6 0.9 
5 0.4 
4 0.3 
4 0.2 
7 0.4 

7 1.4 
5 1.3 
4 1.4 
5 1.6 

11 2.6 
21 3.7 
30 4.5 
23 2.1 
21 1.3 
22 1.2 
36 2.2 

Total 
Weighted Average”’ 
NCr no data 

207 52.9 5.3 26.4 
26 3 13 

..-. ..- --.- 
* Gross Beta concentration calculated from total amount (mCi) at Chlorinating Plant, divided by the flow 
at the boundary or the Chlorinating Phnt. whichever was greater. 
** Strontium-SO and Cesium-137 reconstructed from an average of 1966 and 1968 ratio to Gross Beta _ 
(Sr-90=10%. Cs-137=50%). 
*** Weighted average = total amount (mCi)jfotal flow (10’1). 
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Table 1519.1957 l&off Tank Flow. Gross Bela. StrontiumSO. and Ceduml37; 
amounts and co”ce”tratlo”s. 

Month 
JanlRrY 
Februa-ry 
March 
April 
May 
JU”.$ 
July 
August 

Gross Bela Strontium-90 Ccsium-137 
flow 02°C. AmOUnt CO”C. Amou”l talc. Armunt 
1091 PCffl mCi pcll mCi pm mCi 

0.04 400 14.2 40 1.4 200 7.1 
0.04 
0.04 
0.04 
0.05 
0.05 
0.06 
0.07 
0.06 
0.05 
0.05 
0.05 

310 
310 
690 
440 
300 
230 
310 

11.6 31 1.2 155 5.8 
37.1 31 3.7 455 18.6 
30.2 69 3.0 345 15.1 
21.8 44 2.2 220 10.3 
15.4 30 1.5 150 7.7 
16.2 29 1.8 145 9.1 
20.3 31 20 155 10.1 
18.5 30 1.9 150 3.3 
15.3 28 1.5 140 7.7 
12.1 24 1.2 120 6.0 
8.3 18 0.8 30 4.2 

Total 0.60 223.0 22.3 111.5 
Weighted Average” 372 37 18.6 
ND: no data 
’ Strontium-90 and Cesiml37 reconstnxted froma” average of 1366 and 1968 ratio to Gross Beta 
(3+0=10%, cs-13750%). 
*’ Weigttted average 3 total amount (rnCi)Aotal flow (@I). 

Table IB-20. 1357 Chlorinating Plant. Flow. Gross Beta, Str0ntlum30, and Cesium-137; 
amounts and concentrations. 

Month 
January 

Gmss Beta StrontiumSO* Ccsium-13T 
flow cimc. A”WUrt CO”C. hU”t CO”C. Al”OU”t 
10’1 pain mCl pal mCi pm mCi 

0.03 140 4.4 14 0.4 70 2.2 
Feb”& 0.03 30 3.0 3 0.3 45 1.5 
March 0.04 290 10.4 29 1.0 145 5.2 
April 0.04 360 14.7 38 1.5 190 7.3 
May 0.04 1.50 6.0 15 0.6 75 3.0 
June 0.03 180 6.3 18 0.6 SO 3.1 
July 0.04 120 5.0 12 0.5 60 25 
August 0.05 140 6.3 14 0.7 70 3.4 
septetier 0.04 170 7.1 17 0.7 85 3.5 
OddX, 0.04 130 5.2 13 0.5 65 2.6 
NOV#nbW 0.04 120 5.0 12 0.5 60 25 
Decenlbtr 0.04 70 2.3 7 0.3 35 1.4 

Total 0.47 . 76.7 7.7 
Weighted Average” 164 16 82 
ND: no data 
’ Strontium-30 and Cesium-137 remnstructed from an average of 1366 and 1968 ratio to Gross Beta 
(5x-SO=lO%, cs-137=50%). 
” Weighted average = total amount (r&i)flotal flow (10’1). 

38.4 

Table E-21. 1957 Boundary Station M. Flow. Grass Beta, Strontium-30. and Cesium-137; 
amounts and concentrations. 

Month 
JantIYZy 

Flow 
ldl 

0.06 

Gms?s Beta’ StrcatiumSO” C&urn-137 
CO”C. Amount CO”C. hU”t cont. AlMUrd 
pcii mCi pcii mCi pciil mCi 

71 4.4 7 0.4 36 2.2 
February 0.07 44 3.0 4 0.3 22 1.5 
ME&l 0.07 146 10.4 15 1.0 73 5.2 
April 0.11 139 14.7 14 1.5 70 7.3 
May 0.11 56 6.0 6 0.6 28 3.0 
Jun.2 0.07 as 6.3 9 0.6 43 3.1 
July 0.05 37 5.0 10 0.5 48 25 
August 0.07 104 6.3 10 0.7 52 3.4 
septenlber 0.05 130 7.1 13 0.7 65 3.5 
Odober 0.05 104 5.2 10 0.5 52 2.6 
NOVWlb.2, 0.05 37 5.0 10 0.5 48 2.5 
December 0.06 48 2.9 5 0.3 24 1.4 

Total 
Weighted Average”’ 
ND: no data 

0.82 76.7 7.7 38.4 
34 3 47 

* Gross Beta concentration calculated from total amount (mCi) at Chlorinating Plant, diiided by the flow. 
at the boundary or the Chlorinating Plant, whichever was greater. 
** Strontium-30 and Cesium-137 reconstructed from an average of 1366 and 1968 ratio to Gross Beta 
(sr-30=10%, cs-137=50%). 
‘* Weighted average = total amount (mCi)hotal flow (10’1). 

IB-8 

300 
280 
240 
130 



Table IB-22.1358 lmhoff Tank Flow, Gross Beta. Slrontium-90. and Cesium-137; 
amounts and concentrations. 

Gross Beta Stmntlum-90’ Csium-137 
Flow cont. Anmunt Cone. AmoUnt Cont. A”lOU”t 

Month 
Janmry 

ldl 
0.04 

pci mCi pCii 
1020 45.1 102 

mCi 
4.5 

pan mCl 
510 22.5 

Febr&y 
March 
April 
May 
June 
July 
August 
September 
October 

December 

0.04 
0.04 
0.04 
0.05 
0.05 
0.06 
0.07 
0.08 
0.05 
0.05 
0.05 

550 
540 
570 
530 
670 
320 
850 
320 
510 
360 
440 

20.5 
23.3 
25.5 
25.9 
35.0 
13.3 
43.7 
77.8 
28.0 
13.4 
22.3 

55 
54 
57 
53 
87 
32 
65 
32 
61 
38 
44 

21 
23 
2.5 
2.6 
3.5 
1.3 
4.4 
1.8 
28 
1.3 
22 

275 
270 
285 
285 
335 
180 
325 
160 
255 
180 
220 

10.3 
11.7 
127 
123 
17.5 
3.6 

21.8 
8.3 

14.0 
9.7 

11.2 

Total 0.61 325.7 32.8 162.8 
Weighted Average’* 531 53 266 
ND: nc data 
* Stmnttum30 and Cesium-137 reconstructed from en everege of 1986 and 1388 ratio to Gross Beta 
(Sr-9O=lO%. cs-137=50%). 
**Weighted average = total amount (mCi)Actel flow (104). 

Table IS-23 1358 Chlortnettng Plant. Flow. Gmhs Beta, Strcntium30. and Cesium-137; 
amounts and ccncentratttns. 

Gross Beta StrontiumSO Cesium-137 
Flow CO”C. Amount COflC. Amount CO”C. A”lOUllt 

Month 
JanlEVy 
February 
March 

10’1 pcii mCi pm mCl pcll mCi 
0.04 460 18.8 46 1.3 230 3.4 
0.04 130 7.0 13 0.7 95 3.5 
0.04 180 6.8 16 0.7 80 3.4 

April 
M=Y 
June 
July 
August 
September 
October 
November 
December 

0.05 
0.05 
0.04 
0.05 
0.05 
0.04 
0.04 
0.05 
0.05 

180 
140 
240 
180 
160 
170 
230 
200 
160 

8.2 
6.4 

10.3 
6.4 
7.8 
6.5 
9.8 

10.5 
7.2 

18 0.8 
14 0.8 
24 1.0 
18 0.8 
18 0.8 
17 0.7 
23 1.0 
20 1.1 
16 0.7 

30 4.1 
70 3.2 

120 5.1 
30 4.2 
80 3.9 
a5 3.3 

115 4.3 
100 5.3 
80 3.8 

Total 0.53 107.7 10.8 
Weighted Average 204 20 102 
ND: nc data 
l Strontium-90 and Cesium137 remnstructed from an aversge of 1966 and 1988 ratio to Gross Beta 
(ST-9O=lO%, cs-137=50%). 
+* WeigMed average = total amount (mCr)notal flow (le. 

53.3 

Table 1524. 1958 Scundary Static” ht. Flow. Grox Beta, Stmntium-30, and Cesium-137; 
amounts and concentrations. 

flow 
Gross Beta’ 

CO”C. Amount 
Strontium-90” C&urn-137 

Cont. Amount CO”& Amount 
Month 1091 pain mCi PCii mCi pcii mCi 

January 0.07 277 18.8 28 1.9 133 3.4 
Febnrary 0.11 64 7.0 a 0.7 32 3.5 
March 0.31 22 6.8 2 0.7 11 3.4 
April 0.35 23 a.2 2 0.8 12 4.1 
M=Y 0.45 14 a.4 1 0.6 7 3.2 
June 0.40 26 10.3 3 1.0 13 5.1 
July 0.32 27 a.4 3 0.8 13 4.2 
August 0.24 32 7.8 3 0.8 16 3.9 
September 0.18 37 a.5 4 0.7 18 3.3 
October 0.20 50 9.8 5 1.0 25 4.3 
November 0.27 39 10.5 4 1.1 13 5.3 
December 0.28 26 7.2 3 0.7 13 3.6 

Total 3.17 107.7 10.8 53.9 
Weighted Average”’ 34 3 17 
ND: no data 
* Gross Beta concentration calculated from total amount (ma) at Chlorinating Plant, divided by the flow 
at the boundary or the Chlorinating Plant, whichever was greater. 
** Strontium-30 and &slum-137 reconstructed based cn an average of 1966 and 1368 ratio to Gross Beta 
(Sr-30=10%, Cs-137=50%). 
‘** Weighted average = total amount (mCi)Aotal flow (lo?). 
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Table 1525.1359 lmhcff Tank Flow. Gross Beta, Strontium-90, end Cesium-137; 
amounts and concentrations. 

Gmss Bets Strontium-90* ceslum-13P 
Rclw cont. AmoUnt Cone. Amount Cont. A!llOU!lt 

Month 10’1 pcii mCl pal mCi &ii mCi 
Januaw . 0.05 230 11.0 23 1.1 115 5.5 
FebruBry 0.05 350 17.0 35 1.7 175 8.5 
March 0.06 340 19.8 34 2.0 170 9.9 
April 0.06 320 17.8 32 1.8 160 8.9 
M=Y 0.06 850 53.5 85 5.3 425 28.7 
June 0.07 2190 143.2 213 14.3 1095 71.6 
July 0.08 1020 77.4 102 7.7 510 38.7 
August 0.08 420 35.0 42 3.5 210 17.5 
September 0.07 380 27.7 36 26 190 13.9 
Odober 0.07 850 44.3 65 4.4 325 22.1 
November 0.06 1330 81.3 133 8.1 665 40.6 
December 0.06 1040 53.1 lo4 5.3 520 29.5 

Total 0.76 586.9 58.7 233.5 
Weighted Average” 778 78 388 
ND: no date 
* Strontium-30 end Cesium-137 reccnstructed from an everage of 1366 end 13Se mtic to Grass Beta 
(Sr-90=10%. Cs-X37=50%). 
‘*Weighted average = total amcunt (mCi)Aotal flow (IO?). 

Table 1526.1953 Chlcrtneting Plant. Flow, Gross Beta, Strontium-90, and Cesiuml37; 
amounts end ccncentmtiins. 

Gross Beta Strontium-SO’ Caium-137 
Row CO”C. A”UlUti Cont. AmoUnt Corm. AmoUnt 

Month ldl PCii mCi pcin mCi PCII mCi 
Janwy 0.04 180 7.2 18 0.7 30 3.6 
F.&WY 0.04 200 8.1 20 0.8 100 4.1 
March 0.05 190 8.8 19 0.9 35 4.4 
April 0.05 170 8.6 17 0.9 85 4.3 
May 0.05 320 15.2 32 1.5 160 7.8 
June 0.05 320 15.0 32 1.5 180 7.5 
July 0.05 444 23.1 44 23 222 11.8 
AUg=f 0.07 240 18.0 24 1.8 120 3.0 
September 0.05 330 15.8 33 1.8 785 7.3 
October 0.05 250 11.3 25 1.2 125 5.9 
Ncven-ber 0.05 260 15.3 28 1.5 140 7.6 
December 0.05 200 10.4 20 1.0 100 5.2 

Total 
Weighted Average” 
ND’ M date 

0.60 157.4 15.7 78.7 
262 26 131 

..-. .._ --.- 
* Stmntium8O and Cesium137 reconstructed from an average of 1966 end 1968 ratio to Gross Beta 
(Sr-90=10%, cs-137x50%). 
*’ Weighted average = total amount (mCi)Actal flow (lo?). 

Table 1527. 1359 Boundary Statlcn M. Flow. Grass Beta, Stmntlum30. end Cesium-137; 
amounts end concentrations. 

Gross B&d Strontium-SO” Cesium-13T 
flow ccl-&c. Amount CO”C. Amount CO”C. Armunt 

Month 1oDl pain mCi pal mCi pcii mCi 
JEdlLl?XtV 0.24 30 7.2 3 0.7 15 3.8 

Total 241 157.4 15.7 78.7 
Weighted Average”’ 85 7 33 
ND: no data 
* Gross Beta ccncentreticn calculated from total amount (mCl) et Chlorinating Pbnt, divided by the flow 
at the boundary or the Chtcrineting Plant, whichever was greater. 
** Strontium-30 and Ceslurn-137 reconstructed from en average of 1388 end 1388 ratio to Grcss Beta 
(Sr-30=10%, cs-137=50%). 
l ‘* Weighted average = total amount (mCi)Rctalflcw (10’1). 

18-10 

Febru& 0.19 43 8.1 4 0.8 22 4.1 
March 0.25 36 8.8 4 0.9 ia 4.4 
April 0.32 26 8.6 3 0.9 13 4.3 
M=Y 0.32 48 15.2 5 1.5 24 7.6 
June 0.26 58 15.0 6 1.5 23 7.5 
July 0.27 88 23.1 3 23 43 11.6 
August 0.23 77 78.0 a 1.8 38 9.0 
September 0.15 104 75.8 10 1.6 52 7.3 
October 0.11 104 11.3 10 1.2 52 5.9 
November 0.03 280 15.3 28 1.5 140 7.6 
December 0.05 200 10.4 20 1.0 100 5.2 



Table 1828.1960 lmhoff Tank Flow, Grimm Beta, Stmntium90, and Ceelum-137; 
amounts and concentrations. 

Month 
Jaw 

Gruss B&s Strontium-90’ Cesium43P 
Flow Cont. Amount Cont. AOlOUti Corm. Amount 
1001 pCi/t mCi pa/l mCi pcvl mCi 

0.05 1 400 19.8 40 20 a0 9.9 
February 0.04 618 19.8 62 20 309 9.9 
March 0.04 560 23.0 56 23 280 11.5 
April 0.05 960 43.9 96 4.4 430 220 
hY 0.05 561 19.8 56 20 281 9.9 
June 0.05 903 19.8 90 20 451 9.9 
Jub 0.07 868 19.8 87 20 434 9.9 
August 0.07 561 19.8 54 20 272 9.9 
September 0.08 720 45.2 72 4.5 360 226 
October 0.06 733 19.8 73 20 366 9.9 
November 0.05 2830 141.4 283 14.1 1415 70.7 
December 0.05 520 23.9 52 24 230 120 

Tote.1 0.64 416.1 41.6 208.1 
Weighted Average” 649 65 325 
l Slrontium-90 and Cesium-137 reconsttuded from an averege d 1966 and 1968 ratio to Grcss Beta 
(Sr-90=100/., Cs-13750%). 
“Weighted average = total amount (mC&total Ilow (le. 

Table 18-29.1960 Chlorinating Plant. Flow. Gross Beta. Strontium-90, and Cesium-lm 
emounte and csncantratidne. 

Month 
JmuarY 

Flow 
ldl 

0.05 

Gross Bats Slrontium-90. C&urn-137 
Cow. Amount Cont. Amount cont. Amount 
pCii mCi pIal mCi pCii mCi 

230 11.3 23 1.1 115 5.7 
Febiuary 0.07 265 16.3 26 1.8 132 9.2 
March 0.03 220 17.2 22 1.7 110 8.6 
April 0.04 230 9.8 23 1.0 115 4.9 
NY 0.04 292 11.0 29 1.1 145 5.5 
June 0.04 317 120 32 1.2 159 6.0 
Juk 0.04 449 19.9 45 20 224 10.0 
August 0.05 264 120 2e 1.2 132 6.0 
September 0.04 350 13.5 35 1.4 175 6.8 
October 0.04 262 9.3 25 0.9 126 4.7 
November 0.04 570 24.7 57 25 286 124 
December 0.04 370 15.6 37 1.6 18.5 7.8 

Total 0.57 174.7 17.5 07.3 
Weighted Average” 399 31 154 
*Strontium-90 end Cesium-137 reconsttudedfrom an average of 1966 end 1968 ratio to Grcse Beta 
(Sr-SO=1 0%, Cs-137&J%). 
_ Weighted average = total amount (mCi)notel flow (lO?). 

Table I533.1960 Boundary Station M. Flow, Gross Beta, Strontium-DO, and Cesium-137; 
amounts and concentrations. 

Month 
JamKU-j 
Febmary 
March 
April 
May 
June 
Jufv 
August 

Flow 
ldl 

0.05 

Gross Beta’ Stroniium-90’. Cesium-137’ 
Cow. Amount Corm. Amount Cont. Amount 
pan mCi pCi/l mCi pciA mCi 

230 11.3 23 1.1 115 5.7 
0.05 265 18.3 26 1.8 132 9.2 
0.08 220 17.2 22 1.7 110 8.6 
0.10 95 9.8 10 1.0 48 4.9 
0.10 115 11.0 12 1.1 58 5.5 
0.08 145 120 14 1.2 72 6.0 
0.05 369 19.9 37 20 184 10.0 
0.04 264 120 26 1.2 132 6.0 
0.03 3.50 13.5 35 1.4 175 6.8 
0.04 250 9.3 25 0.9 125 4.7 
0.05 4.93 24.7 49 25 246 124 
0.02 370 15.6 37 1.6 185 7.8 

October 
November 

Total 0.68 174.7 17.5 87.3 
Weighted Average”* 255 26 128 
l Gross Beta concentration calculated from total amount fmCii at Chton’natino Plant. divided bv the flow 

.  ,  I  

at the boundary orthe Chltinating Plant, whicheverwas greater. 
l * Strontium-90 and C&urn-137 reox-utruded from an average of 1966 and 1968 ratio to Gross Beta 
(Sr-90=10%. Cs-13750%). 
-Weighted average = total amount (mCi)~otal flow (10’1). 
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Table 531.1961 lmhoff Tank. Flow, Gross Beta, Strontium-90, and Cesium-137; 
amamts and concentrations. 

Month 
January 
February 
March 
April 
Maw .-.-a 
June 
July 
August 
September 
October 
November 
December 

Gras Beta Stmntium-30* Caium43T 
Flow Cont. Amount COM. AmWd COW. Amount 
10’1 PCM mCi pCii mCi Pcff mCi 

0.04 853 37.0 85 3.7 427 10.5 
0.05 403 18.5 40 1.9 202 9.3 
0.05 340 17.9 34 1.8 170 9.0 
0.06 399 24.1 40 2.4 200 12.0 
0.07 405 26.4 41 2.6 203 13.2 
0.07 780 61.8 78 5.2 390 25.9 
0.07 1730 128.7 173 129 866 64.4 
0.09 330 28.2 33 2.8 165 14.1 
0.09 160 13.8 16 1.4 80 6.9 
0.07 229 16.5 23 1.7 115 8.3 
0.06 120 6.9 12 0.7 60 3.4 
0.06 209 11.5 21 1.2 10.5 5.8 

Total 0.76 325.7 32.6 162.9 
Weighted Average” 426 43 213 
* Strontium90 and &slum-137 reconstructed from an average of 1966 and 1988 ratio to Gross Beta 
(Qr-9o=lO%. cs-137=50%). 
-* Weighted average = total amount (mCi)Aotal flow @I). 

Table E-32. lQ61 Chlorinating Plant. Flow. Gross Beta, StrontiumSO. and Cestum-137: 
amounts and concentratiins. 

Gras Bate Stmntium-90* Cesium-137 
flow cone. Amount cone. Anloud CCilC. Amount 

Month 
January 

10’1 
0.04 

pm mCi pClll mCi pm mCI 
4.40 17.5 44 1.3 220 a.8 

FlabNary 0.04 470 18.7 47 1.9 235 9.4 
March 0.06 350 19.3 35 1.9 175 9.7 
April 0.05 376 19.0 38 1.9 188 9.5 
May 0.05 428 22.8 43 23 214 11.4 
June 0.06 320 la.4 32 1.8 160 9.2 
July 0.06 480 26.0 43 2.6 215 13.0 
August 0.07 360 23.0 35 2.3 175 11.5 
September 0.08 260 22.1 26 22 130 11.0 
October 0.06 158 9.9 16 1.0 79 4.9 
November 0.06 150 8.8 15 0.9 75 4.4 
December 0.08 204 10.2 20 1.0 102 5.1 

Total 0.60 179.3 17.9 
Weighted Average 300 30 150 
l Strontium-90 and Cesium-137 reconstructed from an average of 1966 and 1968 ratio to Gross Beta 
(sr-90=10%. cs-137=50%). 
‘* Weighted average = total amount (n?Ci)ffotal flow (lO?). 

89.7 

Table 19-33. 1961 Boundary Station M. Flow, Gross Beta, Strontium-SO, and Cesium-137; 
amounts and concentrations. 

Gross Beta= Strontium-96” Cesiurrk13T” 
Ftow Cont. Amount cont. ArnouM Cont. Amourd 

Month 
January 

10’1 pm 
0.02 440 

FebNafy 0.02 470 
March 0.12 156 
April 0.15 130 
May 0.18 129 
June 0.19 98 
July 0.11 233 
August 0.13 171 
September 0.10 212 
October 0.10 104 
November 0.08 107 
December 0.07 149 

mCi 
17.5 
18.7 
19.3 

pcin mCi 
44 1.8 
47 1.9 
16 1.9 

19.0 13 1.9 
228 13 23 
18.4 10 1.8 
26.0 23 2.6 
23.0 17 23 
22.1 21 22 

9.9 10 1.0 
8.8 11 0.9 

10.2 15 1.0 

pm 
220 
235 

78 
65 
65 
40 

117 
66 

106 
52 
54 
74 

mCi 
8.8 

9.4 
9.7 
9.5 

11.4 
9.2 

13.0 
11.5 
11.0 
4.9 
4.4 
5.1 

Total 1.27 215.6 21.6 107.8 
Weighted Average”’ 170 17 85 
* Gross Beta concentration calculated from total amount (mCt) at Chlorinetins Plant. divided bv the flow 
at the boundary or the Chlorinating Plant. whichever was greater. 

- 

** Strontium-90 and Cesium-137 reconstructed from an average of 1966 and 1968 ratio to Gross Beta 
(s-r-90=10%, cs-137=50%). 
l ** Weighted average = total amount (mCi)Aotal flow (104). 
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PART II - ESTIMATION OF RELEASES FROM RUPTURES OF 
BGRR FUEL CARTRIDGES 

4. Introduction 

Prior to 1963, few quantitative measurements were made of emissions of 
radionuclides in the BGRR stack effluent. As a result, an alternate approach was 
developed to estimate releases associated with ruptures of the fuel cartridges. This 
section describes the approach and data that were used to derive these estimates. 

The uranium fuel cartridges were finned aluminum-alloy tubes that were in channels 
in the graphite cube. Each cartridge consisted of thirty-three slugs, and each 
channel contained two cartridges (one in the north half of the graphite cube and the 
other in the south half). When a cartridge ruptured, oxygen came in contact with the 
hot fuel and some of the oxidized uranium-fuel slugs would be released. 

Cartridges were designated by their location in the core of the reactor. For example, 
Cartridge N C-3-3 was in the northern half of the reactor cube, C denotes that it was 
in the C quadram (A,B,C,D), and 3-3 means that it was three channels over and 
three channels down from the center of the cube. 

2. Ruptures of the Fuel Cartridges 

There were 28 reported ruptures of BGRR fuel during the period covered by this 
report (Table I). All ruptures occurred with the natural-uranium fuel used until 1957- 
58. There was one rupture (#29),of a uranium oxide (UsOa) sample that was being 
irradiated for the iodine-production program. Several cladding failures occurred with 
the enriched fuel after the period covered by this report; these are described in 
Foelix and Hull (1963) and other reports. 

Each rupture is described in the Monthly Reactor Operations Reports (Reactor 
Operations, 1950-I 961). For many of these events, the Health Physics Monthly 
Summary also contains descriptive material. Reports from the BGRR Health 
Physics Group Leader to the Health Physics Division Manager (L. Gemmell) often 
contained information on such incidents. Detailed data on dates and other pertinent 
information were found in the Reactor Operations Logbooks and in the BGRR Health 
Physics Divisions Logbooks. 

Of particular importance in the Reactor Operations Logbooks were notations on 
north- and south-probe readings., These probes were oil-soaked cloths attached to 
the end of long rods. The probes were in the center of the exit air ducts, and located 
between the reactor, and the air filters. Some of the radioactive material released in 
a rupture would be captured by the cloths. When the probes were withdrawn from 
the ducts, they were placed in a fixed position relative to an installed radiation- 
survey instrument. These measurements provided a quantitative albeit rough 
measure of the relative size of the release from each rupture. The probe 
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measurements are given in Table II-1 and in Attachment II-A. The probe 
measurement technique was adopted from that used at the Oak Ridge (X-IO) 
reactor. This technique was used because the fixed monitoring instruments at that 
time were incapable of detecting rupture events. The first successful real-time 
monitoring systems for quantitative measurement of fission products was installed in 
1962 (Foelix and Hull, 1963). 

Table 11-I. Summary of fuel cartridge ruptures in the BGRR. 

RUPTURE CLASSIFICATION RUPTURE NUMBER CHANNEL DAYS IN 
NUMBER DATE SLUGS PROBE NUMBER REACTOR 

REPORTED READING BEFORE 
LOST* mR/hr RUPTURE 

1 Generic 1 /z/52 2 40 s c-1-0 468 
2 Generic 3/l 1 I52 2 -- S A-l -0 534 
3 Generic 3/l 2152 1 220 S A-i-l 571 
4 Generic 516152 1 250 N C-4-O 577 
5 Non-Generic 1212152 1 -- S D-O-3 837 
6 Generic 4/l 7153 1 -2 85 S A 3-l 115 

II 1 7 Generic , 1 4122153 1 , I 0 31 , 1 S B-u-1 t 1 102 II 
11 8 Generic I 5/10/53 I I 1 140 1 1 N B-2-7 ! 1 1 II 

9 Generic 7123153 0 1000 N C-3-3 1073 
IO Non-generic 8124153 5-I 0 -- S A-2-4 1103 
11 Generic 11 I8153 0 33 S A-l -3 191 

II 12 I Generic 1 11/16/53 I 0 I 202 N C-l-l 1189 
13 Non-generic l/17/ 54 2 2000 S B-5-5 1248 
14 Generic 1 I22154 2 375 S D-l-l 336 
15 Non-generic 212 1 I54 3 >2000 N B-4-5 1285 
16 Non-aene Fi B-0-1 107 0 

---- 

“~ 2 4/l 1 I54 >2000 i--. , 
II * Generic 6121154 5? 120 S B-3-5 t 1403 

I 

17 
I 18 I Non-aeneric 
I 19 I Generic 

5 
1 
2 
3 

80 1 S A-5-2 1 1366 
144 t N D-8-3 1 1766 II 

1 
c 512156 5 >2000 s 8-2 

23 Generic 1 O/l 9156 0 625 S A-3 
I 24 1 Generic I lll14l56 1 0 I 450 I SATT- 
I 25 I Non-Generic -iTEE- 

, 
19 

I 1 ! 

-- 1 S A-3-3 1 633 II 
t 26 I Generic 3/l I57 1 39 S B-O-5 

27 1 Generic 7123157 0 100 N D-10-3 
28 Generic 1 O/3/57 0 800 s B-6-5 

t 83 II 
2529 

I 1 

* Reported slugs lost are from a Memo J.E. Phillips to R.W. Powell, October 15, 1959. 
** not a fuel element, uranium oxide sample for iodine production. 
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There are two additional importa,nt sources of information. The first is a report from 
L.P. Phillips to F.P. Cowan (Philljps, 1957) describing d.etailed measurements of 
particulate releases for three of the more important ruptures. This report is of 
considerable help in judging the release fractions of the slug inventories. The 
second is a report from M.M. Weiss to file (Weiss, 1954) on an environmental 
measurement related to one of the ruptures. 

The severity of each rupture and the quantity of radioactive material released were 
related to how quickly the rupture was detected and the reactor shut down, and how 
long the fuel cartridge had been in the reactor. For this report, each rupture was 
qualitatively classified as either generic or non-generic based on these criteria and 
on the comments and descriptions given in available reference material. Non- 
generic ruptures exhibit one or more of the following characteristics: 

l severe oxidation 
‘. l difficulty in removing the fu,el cartridge 

l measured radioactivity in the environment related to the rupture. 

Generic ruptures are those ruptures for which the documentation gave no evidence 
of severe oxidation, there was no difficulty in removing the fuel element from the fuel 
channel, and there were no observations of excess radioactivity in the environment. 

3.0 Fission Product Inventories 

In 1993, a Dose Reconstruction for emissions from the Oak Ridge Reservation was 
published (ChemRisk, 1993). In Appendix E of Volume II-Part B of that report are 
source-term estimates for ruptures of graphite reactor slugs. This Appendix from 
ChemRisk (1993) is reproduced in Attachment II-B of this report. 

Since the BGRR slugs were identical to those used by Oak Ridge, this appendix is 
particularly helpful in estimating inventories for the BGRR slugs. Table 2 compares 
the BGRR and the Oak Ridge X-IO reactor, it is taken from the 1948 Report on the 
Brookhaven Nuclear Reactor (BNL, 1948). 

The data in the Oak Ridge Report permit us to evaluate the radionuclide inventory in 
the BGRR slugs by a simple mod,ification of the Oak Ridge values to account for the 
higher neutron flux at the BGRR, and for the different times the slugs were in the 
reactors. The Oak Ridge analysis also is helpful in providing a list of the 
radionuclides that are important in environmental releases. 
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Table 11-2. Comparison of Oak Ridge and Brookhaven Reactors (from BNL, 1948).’ 

~ Area of Channel 
Vol. Aluminum/Vol. Uranium 
Gap 
Metal Temperature 
Exit Air Temperature 
Power Output 
Maximum Flux 
Air Flow 
Pressure Drop in Reactor 
PumDina Power 

X-l 0 

24 feet 
8 inches 
1.1 inches 
3.05 inches2 
0.108 
None 
270°C 
80°C 
4000 Kw 
1 012 neutrons/cm2 set 
100,000 cfm 
36 mm Hg 
1.400 KW 

Brookhaven 

25 feet 
8 inches 
1 .I inches 
5.6 inches2 
0.2 
2.75 inches 
350°C 
200°C 
25,000 KW 
5 x 1 012 neutrons/cm2 set 
270,000 cfm 
103 mm Hg 
5,600 KW 

Even though the slugs used in the BGRR and the X-IO reactor were identical, the 
fuel cartridges were different, and the BGRR cooling-air stream passed through a 
filter that the X-IO reactor lacked. While the X-l 0 analysis can be used to support 
an estimate of the inventory of radionuclides in the BGRR slugs, because of these 
differences it cannot support an estimate of the release fraction of the radionuclides 
lost during a fuel cartridge rupture. 

Uranium, plutonium, and various fission products were released from ruptured fuel 
slugs. The Oak Ridge report noted that fission products likely to have been released 
from the ruptured slugs include barium-l 40, cerium-144, cesium-137, iodine-l 29, 
iodine-131, iodine-l 33, lanthanum-140, niobium-95, ruthenium-l 06, ruthenium-l 03, 
strontium-89, strontium-90, zirconium-95, and the fission gases krypton-85 and 
xenon-l 33. 

Using the data and analyses in the Oak Ridge report, together with the modifications 
given above, an assessment of the upper range for the BNL BGRR ruptures is 
developed. 

The Oak Ridge rupture used as the reference event occurred in February 1947. This 
fuel element was in the Oak Ridge reactor for 850 days. The fission-product content 
of the Oak Ridge slugs was estimated (ChemRisk, 1993) using the following 
equation: 
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Ai = (5 x IO” nlcm2-sec)(577 x 1 0‘24cm2)(N)(Yieldi) (l-e-” firr)(2.703 x IO-” Ci-seclatom) 

where: 

4 

5 x IO” nlcm2-set 
577 x 1 0-24cm2 

= activity dradionuclide i in each fuel slug (Ci) 
= average Oak Ridge graphite reactor thermal neutron flux 
= fission cross-section for uranium-235 

N = number of uranium-235 atoms per slug 
Yield] = fission yield of radionuclide i for uranium-235 
h = decay constant of radionuclide i (sed’) 
tirr = irradiation time in reactor (set) 

2.703 x IO-” Ci-seclatom = conversion from atomslsec to curies 

Table 3 gives the estimated inventories for the Oak Ridge slug. The decay 
constants are given in units of days for use in calculations presented in the next 
section. 

Table 3. Estimated inventory of Oak Ridge reactor slug for first event, 1 slug, 
February 1947 (data fro6 ChemRisk, i993), 

Radionuclide 

Krypton-85 
Type 

Noble Gas 

Inventory (Ci) 

6.69 x IO” 

3, (days-‘) 

1.76 x IO4 
Xenon-l 33 Noble Gas 10.89 1 1.31 x10-l 

Iodine-l 31 Iodine 4.86 1 8.61 x lo+ A 
Iodine-l 33 Iodine 10.89 8.19 x lo-’ 
Iodine-l 29 Iodine 1.51 x 1o-7 1.11 x IO-IO 
Barium-140 Particulate 10.56 5.42 x 1O-2 
Cenil rm-1.17 Pzkticulate 0.49 6.32 x IO” 
Cerium-144 Particulate 8.80 2.44 x IO-’ 
Lanthanum-140 Particulate 10.56 4.14 x 10-l 
Niobium-95. Particulate 10.72 1.98 x 1O-2 
Ruthenium-l 03 Particulate 4.86 1.75x 1o-2 
Ruthenium-l 06 Particulate 0.49 1.88 x 1o-3 

Strontium-89 
Strontium-90 

Particulate 
Particulate 

8.04 1.31 x 1o-z 
0.53 6.85 x IO” 

I Zirconium-95 Particulate 10.72 - 
Uranium-235 Particulate 1.79 x IO” 
Uranium-238 Particulate 3.88 x IO4 

Plutonium Particulate 4.82 x 1O-3 

NA: the inventory of these elements in the slug is not calculated based on their 

NA 
NA 
NA 

decay constants. 
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To estimate the inventory of long-lived radionuclides of each of the slugs involved in 
BGRR ruptures, it is necessary to adjust the Oak Ridge estimates to account for 
different times each slug was in the reactor and for the higher average flux of the 
BGRR. A flux ratio of five was derived based on the maximum reported fluxes for the 
BGRR (5 x.IO’~ n/cm’-set) and for X-IO (1 x lOI n/cm2-set). This relationship is an 
approximate one. 

To estimate the inventory of activation and fission products in BGRR slugs two 
equations are needed, depending on the half-life of the radionuclides. For the 
purposes of this report, long-lived radionuclides are those for which the difference in 
time in the reactor is important for irradiations on the order of 100 days, and short- 
lived radionuclides are those for which the time in the reactor is unimportant. 
Uranium and plutonium-inventories will be analyzed separately as described below. 

Long-lived Radionuclides 

For long-lived radionuclides the relationship is 

Ar(BcsR) = (Ar(x-10) Ci) x /l-eSAtBGRR) x flux ratio 
(l-e+-ae’o) 

where: 
Ai(BGRR) 

4(x-10) 
= activity of radionuclide i in BGRR slug (Ci) 
= activity of radionuciide i in Oak Ridge X-l 0 slug (Ci) 

tBGRR = number of days slug was in the BGRR 
tx-10 = number of days X-l 0 slug was in reactor (850 days) 
h = the decay constant of radionuclide i (days-‘) 
flux ratio = ratio of the maximum BGRR neutron flux to the maximum X-IO flux (5) 

For example, for BGRR Rupture Number 1, the cesium-137 inventory in each slug in 
the cartridge would be 

&s-137 Ci = 0.49 Ci x(l-e-(6.3x10S5x468) 
tlme-[6.3x IO-5x850$ 

x 5 = 1.4 Ci 

where 0.49 Ci is the X-IO reference inventory of cesium-137. 

Short-lived Radionuclides 

For short-lived radionuclides, such as iodine-l 31, iodine-l 33, xenon-l 33, zirconium- 
95, and niobium-95, the difference in time in the reactor is irrelevant for irradiations 
on the order of 100 days. In these cases, the Oak Ridge estimates need only be 
multiplied by the flux ratio of 5 to account for the difference in the neutron flux. 
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&(&RR) = (Ai(x-<o) ci) X flUX ratio 

Again using the BGRR Rupture Number 1 cartridge, the iodine-131 inventory in each 
slug in the cartridge would be 

Alodin+iaj Ci = 4.86 Ci x 5 = 24 Ci 

Where 4.86 Ci is the X-IO reference inventory of iodine-l 31. 

Uranium 

For uranium-235, uranium-238, and uranium-234 the inventory depends only on the 
amount of metal. in a slug and the natural percentage of uranium-235. Since the 
BGRR and the Oak Ridge slugs were identical, the amount of uranium-235 and 
uranium-238 can be taken directly from the reference X-l 0 slug. These values are 
1.79 x 10s5 Ci for uranium-235 and 3.88 x 1 o-4 Ci for uranium-238. For this analysis, 
uranium-234 was included, with a value equal to that of uranium-238, i.e., 3.88 x IO” 
Ci, because they are in equilibrium. 

Plutonium 

The Oak Ridge analysis used a value of 4.82 x 10m3 Ci in each slug, irrespective of 
time in the reactor. For BGRR slugs an adjustment for the higher flux is required. 
Using the Oak Ridge approach, the plutonium activity in a BGRR slug would be: 

P\P”(BGRR) = (ApU(x-qo) Ci) x flux ratio = 4.82 x 1 O9 Ci x 5 

=2.4x109Ci 

= .4 g/slug 

The Operations Monthly Report for January 1954 reports that there are 437 grams of 
plutonium per ton of uranium, or 0.57 g/slug. In the Operations Monthly Report for 
October 1957, 19.566 grams per,element were reported, which is 0.59 g/slug. 
Shepherd in his historical overview of the Brookhaven Graphite Research Reactor 
Fuel Operations Accountability and Reporting gives a value of 0.5 g/slug, averaged 
over 45,000 slugs, and 0.8 g/slug for the highest group average (Shepherd, 1997). 
Since many of the ruptured slugs had been in the reactor for more than 1000 days 
(12 of 29 ruptures), the plutonium inventory would be at the high end of the 
distribution. For this report 1 g/slug is used which provides a reasonable but 
conservative estimate. In all of these references, the plutonium inventory is given 
without reference to the specific isotope. ~ 
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BGRR Slug Inventory 

The results of applying this approach to estimating the radionuclide inventory of the 
BGRR slugs involved in the ruptures are given in Table 4. The inventory for 
individual radionuclides in each rupture are given in the Tables in Attachment II-A. 

4.0 Fraction of Inventory Released 

While the radionuclide inventory in each slug can be assessed with a fair degree of 
confidence, estimating the fraction released when a cartridge ruptured is more 
technically challenging and decidedly more uncertain. 

4.1 Oak Ridge Screening Estimates 

The Oak Ridge analysis (ChemRisk, 1993) used the following values to make 
screening-level estimates of the fraction of radionuclides released from a slug during 
a rupture: 

l 100% of noble gas inventory 
l 80% of the radioiodine inventory 
l 10% of the particulate inventory 

To quote from the Oak Ridge Study (ChemRisk, 1993): 

For the purposes of screening calculations, 10% of particulate fission 
products actually present in each slug at the time of rupture were assumed 
to be released when the uranium oxidized based on professional judgement. 
100% and 80% were applied to noble gas and iodine inventories 
respectively. 

In the same appendix (ChemRisk, 1993), the same release fractions are used for the 
radionuclide inventories associated with the radioactive lanthanum separation 
operations at Oak Ridge. In particular, 

The noble gas release fraction of 100% is based on the nonreactive nature 
of xenon and krypton. The release fraction for iodine is based on analyses 
of iodine release fractions at the Hanford plant performed as part of the 
Hanford dose reconstruction project. The release fraction for particulate 
radionuclides is based on measured particulate emissions from RaLa 
processing at the Idaho Chemical Processing Plant during 1957 compared 
to the estimated radionuclide inventories in the materials testing reactor 
(MTR) fuel used as the barium source at that plant. 
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Table 11-4. Fuel-cartridge ruptures and estimated radionuclide inventory contained 
in one slug. 

RUPTURE II INVENTORY IN ONE SLUG 

not a fuel element; uranium-oxide slug for iodine production. 

4.2 Approach to Determining B’GRR Release Fractions 

Although the X-IO and BGRR fuel slugs were identical, the fuel cartridges were very 
different. For example, the X-IO fuel slugs were in individual cans, requiring 
extensive welding. In an attempt to overcome the difficulties with the X-IO ruptures, 
the BGRR fuel-slugs were encased in 1 l-foot aluminum tubes with one weld on 
each end and a helium atmosphere maintained around the fuel slugs. Although the 
BGRR ruptures did result in the release of radioactivity, the extent of oxidation which 
led to the releases varied considerably from rupture to rupture. 
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Table II-I gives the reported number of slugs lost. This loss refers to the inability to 
account for the individual slugs when an aluminum cartridge was cut into pieces in 
preparation for shipment often months after the cartridge was moved to the canal. 
This means that, for example, when 0 slugs were noted as lost, all 33 slugs in a 
cartridge were counted in the canal where the cutting was performed. However, 
when a slug was missing, it is not known how much of the oxidized slug was 
dissolved in the canal water. When cutting operations took place, the water often 
became opaque due to the quantity of material in it. For these reasons, it is 
inappropriate to rely on the reported “lost” slugs in estimating the release to the 
stack resulting from the ruptures. This belief was confirmed by retired employees 
who attended a workshop at BNL in July, 1999 to discuss approaches to estimating 
releases from the BGRR from fuel-cartridge ruptures. 

For each ruptured slug, it is reasonable to assume that all the noble gases were 
released along with a major fraction of the radioiodines. However for particulates, 
there was a major difference between the X-IO reactor and the BGRR. The BGRR 
had additional high efficiency air-filters on the exit air. 

When installed, the exit air-filters were described as glass-tex cloth with the following 
characteristics: 95% to 99% at full load; 89% initial for 3-4 micron particles (BNL, 
1948). In a partially loaded condition they were reported to be somewhat more 
efficient (Foelix and Hull, 1963). An experimental study by Billings (cited in Hull et. 
al, 1968) supports this assumption. McLintock (cited in Hull et. al, 1968) reported 
that the efficiency of the exit air filters is about 80% for particulates in the 0.3 micron 
range. 

A study of particle sizes found on vegetation associated with rupture number 22 
(Health Physics Summary, June 1956) reported: 

1) The particles (both active and inactive) removed from the leaves ranged 
from 0.5 to 4.5 microns in diameter. 

2) The greatest percentage of the particles were about one micron in 
diameter, and less than three percent were greater than two microns in 
diameter. 

3) The greatest percentage of activity removed from the leaves was 
associated with particles of 1 to 2 microns in diameter. 

These data lead to the assumption made in the report of a further factor of 10 
reduction in the release of particulates from the BGRR slugs. We then assume for 
each generic slug rupture that: 

l 100% of noble gases inventory is released from the stack 
l 80% of the radioiodine inventory is released from the stack 
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l 1% of the particulate inventory is released from the stack 

There were some studies performed during several rupture events at the BGRR that 
provide guidance in estimating the fraction of the particulate radionuclides released 
to the environment. The most reliable estimates of the quantity of particulates 
released during rupture events was that done by L. Phillips in 1957 (Phillips, 1957; 
Attachment II-C). He reported releases for ruptures 21,22, and 25. The following 
table is taken from that memo. 

Table II-5 Ruptures No. 21,22, and 25. 

These data help in two ways. First, Rupture 21 was typical of a “generic” rupture. 
For Rupture 21, there was a probe measurement of 900 mR/hr given in the reactor 
operations log book. 

For this rupture, Phillips determined that 3.6 Ci were released as of 2.25 hours post- 
release. Since the vast majority of the particulate radionuclides used in the Oak 
Ridge analyses have long half-lives compared with 2.25 hours, a correction of about 
a factor of 2 to reflect decay during this period was applied, ie. a release of about 7 
Ci is estimated. 

The selection of the correction factor of 2 is based primarily on professional 
judgement. There is some support for this value in the data reported for Rupture 25 
where two sets of’measurements were made. Phillips estimated 7.2 Curies were in 
the environment as of 2.5 hours,after the release. Cowan reported a measurement 
of 25 Curies made one half hour after the rupture (Health Physics and Safety 
Summary, January 1957). The Phillips’s analytical technique excluded the noble 
gases, radioiodines and spurious background radiation, which was not possible with 
the air sample results reported by Cowan. Multiplying 7.2 by 2 results in an estimate 
of 14.4 Curies, which is quite close to the 25 curies, given that this value is clearly an 
overestimate. 

Therefore, 7 Curies is the estimated amount of particulate released during Rupture 
21. Since the probe data indicated a value of 900 mR/hr, a quantitative estimate of 
the quantity of radioactive material released for each generic rupture-can be 
calculated whenever a probe reading exists, i.e., 7 CV900 mR/hr, or 7.8 mCi/mR/hr. 
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This value appears more accurate than warranted, but will be used to calculate the 
releases. 

The BGRR inventory given in Table II-4 indicates a particulate inventory of 330 Ci for 
each slug involved in Rupture 21. Applying the release fraction of I%, 3.3 Ci per 
slug can be expected to be the particulate release. Dividing the estimated release of 
7 Ci by 3.3 Ci/slug gives an estimate of the number of slugs involved. For Rupture 
21 this is three slugs, since partial values for the number of slugs will be increased to 
a whole number to obtain a “slug-equivalent value”. This provides a reasonable, 
albeit conservative, approach for all generic ruptures. 

4.3 Approach to Generic Ruptures 

Generic ruptures are those for which the available reference documentation gave no 
evidence of severe oxidation, no observations of excess radioactivity in the 
environment or no difficulty in removing the fuel element. . 

The particulate releases were based on the probe measurements. For generic 
ruptures the probe reading times 7.8 mCi/mR provides a reasonable estimate of the 
particulates released. This was used to estimate the number of “slug equivalents” 
involved in the rupture, based on an assumption of 1% of the particulate inventory 
being released from the stack . With an estimate of the number of “slug equivalents” 
(fractional slug equivalents are increased to the next largest whole number) the 
iodine- and noble-gas-releases can be estimated (100% of the noble gas inventory 
and 80% of the radioiodine inventory per slug equivalent). . 

4.4 Approach to Non-Generic Ruptures 

For the non-generic ruptures, more emphasis is placed on the general discussion of 
the events in the various referenced materials. and estimates of radionuclide 
releases are developed on a case by case basis. These rupture numbers are 5, 10, 
13, 15, 16, 18, 22, and 25. Rupture 29 was a rupture of a sample of uranium oxide 
used in the Hot Lab’s Iodine Production Program, not a fuel cartridge. The 
documentation for the data and descriptions discussed below can be found in 
Attachment I I-A. 

Rupture 5 

‘For Rupture 5, there is a notation in the reactor log books that the south probe 
reading was off-scale. However, the descriptive material available for this event 
does not reflect such a serious release. For Rupture 6 there was a probe reading of 
80 mR/h, 27 minutes before shut down at 2130 hours on 4/17/53 and a probe 
reading on 4/l 8/53 at 0840 of 85 mR/h, some 11 hours later. For Rupture 5, the 
shutdown occurred at 0805 on 12/2/52 and the next morning the south probe was 16 
mR/h. Although deriving a quantitative relationship is not possible, it seems likely 
that Ruptures 5 and 6 are quite similar and an assumption of one slug ruptured still 
seems to be appropriate for Rupture 5 together with the generic approach. 
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Ruptures 10,13, and 15 

Rupture 10 was clearly a significant event, and was detected at the environmental 
monitoring stations. Although there was difficulty in removing the fuel elements due 
to high radiation levels, there was no discussion of difficulty due to swelling of the 
cartridge. Neither was there any evidence of burning. Therefore, it seems 
appropriate that all five lost “slugs” (see Table II-I) were involved in this rupture 
event and that the generic approach can be used. 

For Rupture 13, there was a stack-release measurement by A. Solari of 6 Ci (see M. 
Weiss’s memo of 1954). If this activity is used in the generic approach, we would 
expect loss of two slugs. However, we have a probe measurement of 2,000 mR/h 
which suggests that five slugs were involved in the rupture. It was noted that 
“...conditions surrounding this event were even more severe than usual and was 
similar to those experienced on August 24, 1953” (Rupture 10) and “.. .at several 
times during this operation flames were noted in the vicinity of the open container.” 
Under such adverse conditions, it seems reasonable to assume that more than 10% 
of the particulates escaped the slugs. Assuming that 2 slugs each released 25% of 
their particulates, a stack release of 7 Ci and a probe reading of about 2,200 mR 
would be expected. Therefore, for Rupture 13, this report uses 2 slugs ruptured with 
the release of 25% of the particulates, 100% of the noble gases, and 80% of the 
radioiodines from each of these slugs. The stack release would then be 2.5% of the 
particulates in 2 slugs, 80% of the iodines and 100% of the noble gases. 

For Rupture 15, the reference material given in Attachment II-A indicates a similarity 
with ruptures 10 and 13. The major difference was the difficulty in removing the 
ruptured cartridge from the fuel channel. F.P. Cowan notes in the February 1954 
Health Physics Summary that the stack monitor indicated about 9 Ci was released. 
However, the probe measurements were in excess of 2,000 mR/h. It seems 
reasonable to use the 3 slugs listed in Table II-I as lost as the number of ruptured 
slugs, and as we did with Rupture 13, assume that 25% of the patticulates were 
released from the slugs. The stack release would then be 2.5% of the particulates in 
3 slugs, 80% of the iodines and 100% of the noble gases. 

Rupture 16 

Rupture 16 is a problematic event. The probe reading was greater than 2,000 mR/h 
and some increase in activity was seen in the dust monitor at two of the 
environmental monitoring stations. There was no reported difficulty with removal 
and no evidence of burning, so the release fraction of particulates is assumed to be 
0.1. The most confusing was the notation in Table II-I that 0 slugs were lost. In 
order to explain the probe reading of >2000 mR/hr, it seems reasonable to assume 
that 8 slugs ruptured and the release fraction given for the generic ruptures is most 
applicable. 
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Rupture 18 

For Rupture 18, it is difficult to assess the stack release because, although the probe 
read 80 mR/hr, there was a notation in the Reactor Operations Report that “...white 
hot sparks and a dull red glow were noted several times while the element was 
being disturbed. Several slugs were probably oxidized badly during this event. ” 
Unlike Ruptures 22 and 23, this cartridge was easily removed. It would seem 
appropriate, therefore, that the 5 slugs listed as lost in Table II-I should be accepted 
as ruptured, and that the generic approach be used to estimate release fractions. 
Therefore, for this event, we assume 5 slugs were ruptured in the event and that 
100% of the noble gases, 80% of iodines and 1% of the particulates were released, 
i.e., about 17 Ci. 

Ruptures 22 and 25 

For Ruptures 22 and 25, it would seem appropriate to use Phillips analysis since this 
analysis uses available stack emissions estimates based on measurements. 

Rupture 25 has the characteristics of a generic rupture, but there is no probe data. 
However, Phillips provides an estimate of 7.2 Ci released. Since these values are 
given for 2.25 hours post release, this must be multiplied by a factor of 2 as 
discussed in Section 4.2. Therefore, approximately 14.4 Ci of patticulates were 
released in Rupture 25. The generic approach would suggest that 4 slugs were 
involved in the rupture. 

For Rupture 22, the situation is more complicated. In Phillips’ analysis a value of 60 
Ci at 2.25 hours is given, which must be increased to 120 Ci for the immediate post 
release. Based on the generic approach that would suggest about 33 slugs were 
involved. This is problematic since only 5 slugs were missing in the canal (Table II- 
I). A more reasonable assumption is that the release fraction from the fuel slugs 
was greater than the assumed 10% based on the Oak Ridge studies since more 
than the usual force was needed to remove the cartridge. If 75% of the 5 slugs had 
been oxidized and released from the fuel cartridge, about 130 Ci would have been 
released from the stack. Therefore, an assumption of 5 slugs lost and the 
particulate release fraction from the slugs of 75% is used. It is assumed that 10% of 
these particulates were released through the filter. 

Rupture 29 

Rupture 29 was not a fuel-slug rupture, but that of a 225 gram sample of uranium 
oxide, U308. To compare this with a slug rupture, the uranium content of the sample 
is required, i.e., there are 209 grams of uranium in 225 grams. of U-308. Two 
hundred nine grams is about 17% of the amount of uranium in a slug, which contains 
1 ,I 75 grams of uranium. The Reactor Operations Logbook for October 1957 noted 
“...that all of its approximately 225 grams of u308. had been lost.” If all of the 
radionuclides are assumed to be released from the sample (17% of the inventory in 
1 slug) and a 10% release of particulates through the filter, about 3.1 Ci would have 
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been released. Using the generic rupture approach based on rupture 21, a probe 
reading of 400 mR/h would have been expected. Since the Operations Log Book 
gave a probe reading of greater than 2 R (2,000 mR/h), about 15 Ci of particulates 
would have been calculated, when only 2.7 Ci were available for release. Since this 
rupture involved a release of the entire sample, the iodine release would have been 
greater than that used in the generic approach. Even with this relatively small 
addition to the probe reading, the overall result is that the generic approach 
apparently overestimates the release by about a factor of 5, which seems 
satisfactory for an approach based on such little information and with such large 
uncertainties, 

4.5 Estimate of Rupture Releases 

Release Estimates 

The approach described above was applied to the 28 fuel-cartridge ruptures and one 
sample rupture that occurred in the BGRR. Table II-6 gives the estimates for 
particulates, iodines, and noble gases released during each rupture. Attachment II- 
A gives release estimates for individual radionuclides. 
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Table 11-6. Summary of the stack release for fuel-cartridge and sample 
ruptures in the BGRR. 

* not a fuel-element, uranium-oxide slug for iodine production. 
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4.6 Uncertainties 

The intent of this report is to be both reasonable albeit conservative in the approach 
to estimating releases from fuel cartridge ruptures. An attempt has been made to be 
as clear as possible in documenting these estimates. Reactor-stack monitoring 
records and more extensive probe reading records would have greatly improved this 
effort. But these records were not retained in accordance with AEC retention 
schedules. For example, we note BNL-82, July 10, 1964, under Records Inventory 
and Disposition Schedule, Appendix 0230, Appendix C-9, Industrial Plant Item 57 
through 61; ‘I.. . retention period l-6 years. The filing units described will be 
disposed of on July 1964”. These disposition records refer to much of the 
information that would have helped to make more definitive estimates. 

Ut is important that the rupture releases given in this report are understood to be 
highly uncertain. Not only does the data for rupture 29 indicate a potential 
overestimate by about a factor of 5, but other aspects of the analyses are equally 
uncertain. For example, an iodine release fraction of 80% would overestimate the 
release by about a factor of 10 based on data collected after the incident at the air- 
cooled Windscale reactor in Great Britain. In addition, it is likely that although 80% 
of the iodines may have been released from the fuel slugs, a large fraction of this 
material would have adhered to the surface of the extensive cooling air duct work 
and the stack. In addition, the probe readings were uncertain both in terms of the 
precision of the measurement itself and the time-related aspect of probe removal 
and placement. 

Estimates for the non-generic ruptures are even more uncertain than for the generic 
rupture. Several ruptures were difficult to analyze because of conflicting or missing 
information. For these ruptures, estimates were derived using the available 
information, and professional judgment. 
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Method to Estimate Emissions from BGRR Fuel Ruptures 

Fuel slugs are identical to those in Oak Ridge X-IO Reactor 

Assume inventory of radionuclides in fuel slug can be estimated based on X-IO and data from 
BGRR log books. 

Assume X-IO release fractions from a fuel slug 
10% of particulate inventory 
80% of radioiodines inventory 

100% of noble gas inventory 

Assume 10% of particulate release (1% of particulate inventory) gets through the filters and is 
emitted up stack. 

Assume probe reading is a measure of particulate release from fuel 

Particulate emissions up the stack are calibrated to probe reading from detailed measurements 
of ruptures 21,22,25 

7.8 mCi (emitted)/mR/hr (probe) 

Calculate fraction of particulate inventory of a slug that is emitted up stack 

Compare particulate emissions to 1% particulate inventory of a fuel slug to calculate effective 
number of slugs involved and round to next higher integer (slug equivalents) 

Take the inventory in the slug equivalents and assume no loss in extensive air ducts for non- 
particulate radioisotopes so that - 

86% of radioiodines in slug equivalents are emitted up stack 
100% of noble gases in slug equivalents are emitted up stack. 

For non-generic ruptures additional assumptions are made that are detailed in the discussion 
of the specific rupture 
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A Guide to the Rupture Information Tables 

The First Table 

The Rupture Number is assigned serially by the date of the.rupture. 

l 

l 

l 

l 

l 

l 

l 

l 

l 

Class-- Either Generic or Non-generic as described in sections 4.3 and 4.4 
Rupture Date-- Taken from the Reactor Operations Monthly Report 
Rupture time--Taken From the Reactor Operation logbooks 
Channel Number--Gives the location of the ruptured cartridge in the BGRR 
discussed in the introduction to Part II 
Discharge Day ---- the number of days since the first day of reactor 
operations when the ruptured fuel cartridge was removed -- taken from the 
Reactor Operations Monthly Report 
Charge Day---the number of days since the first day of reactor operations 
when the ruptured cartridge was placed in the reactor 
Number of days in reactor-- the difference between number of days given 
under “Discharge Day” and “Charge Day” 
Average Power Level over period in Reactor and Total MWD---Average 
power level was taken from the Reactor Operation logbooks. The total power 
generated during the time the ruptured cartridge was in the reactor is the 
product of the average power level and the number of days cartridge was in 
the reactor 
Probe Measurement--This is discussed in Part II section 2. These values are 
used to estimate the particulate release as described in Part II section 4.2 
Derived slug equivalent--The number of fuel slugs assumed to have been 
involved in the rupture The approach is given in Part II sections 4.3 and 4.4 
Wind speed at the ground--this was the wind speed during the time of 
release. This data was taken from the historical meteorological records 
Wind Direction (towards)---- This was the direction the wind blew during the 
release. This data was taken from the historical meteorological records 
Calculated Distance to Maximum I -131 Deposition /Activity---Using the stack 
emission releases as given in the narrative below the tables, a transport 
computer code HOTSPOT described in section 4.1.4 was used to give an 
estimate of the distance downwind that the maximum deposition occurred and 
an estimate of the concentration at that point. When the point of maximum 
deposition was on the laboratory site the value given is at the site boundary 
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The Second Table 

l The first column is a list of all the radionuclides calculated in the rupture 
release. This list was taken from the assessment done for the ruptures in the 
Oak Ridge X-IO Reactor. This is discussed in detail in Part II Section 3.0 

l The second column provides the quantity of each of the listed radionuclides 
for the particular fuel elements before rupture as detailed in Part II Section 3.0 

l The third Column gives the number of slug equivalents as derived via the 
descriptive material under the first table 

l The fourth column gives ‘the release fractions. For the noble gases 100% of 
the inventory of each slug equivalent is assumed to have been released. For 
the Iodines 80% is assumed to be released. The basis for this is given in Part 
II Sections 4.1 and 4.2. For the patticulates the value is derived primarily from 
the probe measurements. The basis for this is given in Part II Sections 4.2, 
4.3 and 4.4 

l The fifth column,“Curies Released ” is the estimate of the release from the 
stack. It is the product of second third and fourth columns 

NOTES: These notes provide all the information available for each rupture. It 
was from this material that profession judgments can be made about the severity 
of each rupture. 



Rupture Number 1 

Class 1 Generic 

Rupture Date 

Rupture Time 

1 I2152 

1500 

Channel Number 

Discharge Day 

Charge Day 

Number of Davs in Reactor 

s C-I-O 

503 

35 
468 ., .-- 

Average Power Level Over Period in Reactor/Total MWD Day 1 I .94 MW, 5588 MWD 

Probe Measurement 40 mR/hr 

Derived Slug Equivalent I - _ 
Wind Speed at the Ground 

Wind Direction (towards) 

Calculated Distance to Maximum l-131 Deposition / Activitv 

0.8 m/s; 0.0002 I/s rain 

SWISSW 

2.9 km / 9.9E+04 BqlmL 

(1) 

(2) 

(3) 

(4) 

The probe measurement was used to estimate that 0.3 Ci of particulates were emitted 
from the stack (section 4.3, Part II). 
Since the particulate inventory of this slug was 316 Ci the release fraction is 0.3 Ci / 316 
Ci = 0.00095. The specific particulate radionuclide releases are pat-boned by this release 
fraction. 
The assumed particulate release fraction from one slug is .Ol and since the particulate 
release fraction was less than would be expected from one slug, it was assumed in 
estimating the noble gas and radioiodine releases that there was 1 slug equivalent. 
For the noble gases, 100% and for the radioiodines, 80% of the inventory of 1 slug 
equivalent is assumed to have been released from the stack. The Table below presents 
the release information. 
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Notes 

(1) “At 1540 the Exit Filter Activity monitor alarmed and at the same time the Stack gas 
activity monitor indicated a substantial rise. The Exhaust gas probe was immediately 
removed from the duct and a reading of 40 mR/hr was noted on its felt pad. The reactor 
was shutdown for discharging C-l -0 South at 1546. . . 

The ruptured unit was removed from its storage tube in the canal and inspected. The 
ruptured areas were noted to be about 40 inches from the gap end and to be two slits, 
several inches in length, running parallel to and between fins. Black oxide was in 
evidence although the swelling was negligible.” 

(Reactor Operations Monthly Report, January 1952) 

(2) “Sy Block outlined the ruptured slug incident which happened on the previous evening. 
The rod was finally pulled out of the Pile around 1 A.M. and a new one was put in its 
place and the Pile was back on the air before 5 A.M. 

The 30-minute air samples taken on the front porch of T-88 and at the Health Physics 
office window in Chemistry on the same afternoon of the accident, showed no activity. 
The air sample taken on the following morning at the Igloo Area, downwind from the Pile 
stack, showed no activity: Two water collectors were placed at the apartment area and 
the ball diamond during the night. No appreciable activity was found. The results from 
the Area Monitoring Stations is not yet available.” 

(Gemmell to Health Physics Surveyors, January 4,1952) 



Rupture Number 2 

1 Class 1 Generic 

Rupture Date 

Ruoture Time 

1 3/l II52 

1 0825 

Channel Number 

Discharge Day 

1 SA-I-O 

1 572 

Charge Day 

Number of Days in Reactor 

38 

534 

Average Power Level Over Period in Reactor One Total MWD 
I 
1 12.62 MW, 6739 MWD 

Probe Measurement 

Derived Slug Equivalent 

Wind Speed at the Ground 

Wind Direction (towards) 

Not available 

I 

7.3 m/s 

NW 
Calculated Distance to Maximum l-131 Deposition /Activity 

I 
1 2.5 km / 2.7E+03 Bq/mL 

(1) 

(2) 

(3) 

(4) 

(5) 

Although there was no probe reading, this rupture was similar in every aspect to Rupture 
3. These ruptures were a day apart, had similar operating histories, and were in the 
same location in the reactor. Therefore, the derived probe measurement is 220 mWhr. 
The derived probe measurement was used to estimate that I .7 Ci of particulates were 
emitted from the stack (section 4.3, Part II). 
Since the particulate inventory of this slug was 319 Ci, the release fraction is 1.7 Ci / 
319 Ci = 0.0053. The specific particulate radionuclide releases are partioned by this 
release fraction. 
The assumed particulate release fraction from one slug is -01 and since the particulate 
release fraction was less than would be expected from one slug, it was assumed in 
estimating the noble gas and radioiodine releases that there was 1 slug equivalent. 
For the noble gases, lOO%, and, for the radioiodines, 80% of the inventory of 1 slug 
equivalent is assumed to have been released from the stack. The Table below presents 
the release information. 
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1 Radionuclide 1 lnventoj 1 Release 1 Curies Released 

L4.3U u.uu33 

2.45 0.0053 
40.16 0.0053 

w-yu 
Zr-95 
U-235 
U-238 
U-234 
PU 

I .ou u.uu3.3 
53.45 0.0053 

3.79E-05 0.0053 
3.88E-04 0.0053 
3.88E-04 0.0053 
6.13E-02 0.0053 

2.83E-01 
9.49E-08 

1 Tntnl Pnrtict~lntns 

NOTES: 

(1) “Following the shutdown period of March 7,8, and 9th, the reactor was started at 0800 on 
March 10th. It had operated approximately 24 hours when it became necessary to shut 
down due to the evidence of fission products in the South duct. Prior to the shutdown it 
had been established that the fuel unit in A-l -0-S was leaking.” 

(Reactor Operations Monthly Report, March 1952) 

(2) “There were three cartridge ruptures followed by the hot job of replacement. Some 
building contamination resulted. There were numerous contamination incidents 
connected with removal of apparatus from the pile and various maintenance.and 
operating jobs.” 

(Health Physics and Safety Summary, March 1952) 



Rupture Number 3 

* Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) 

(2) 

(3) 

(4) 

The probe measurement was used to estimate that 1.7 Ci of particulates were emitted 
from the stack (section 4.3, Part II). 
Since the particulate inventory of this slug was 320 Ci, the release fraction is 1.7 Ci / 
320 Ci = 0.0053. The specific particulate radionuclide releases are partioned by this 
release fraction. 
The assumed particulate release fraction from one slug is -01 and since the particulate 
release fraction was less than would be expected from one slug, it was assumed in 
estimating the noble gas and radioiodine releases that there was 1 slug equivalent. 
For the noble gases, lOO%, and, for the radioiodines, 80% of the inventory of I slug 
equivalent is assumed to have been released from the stack. The Table below presents 
the release information. 
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Radionuclide 

Kr-85 
Xe-I 33 
Total N 
I 4-n 

Inventory (Ci, 1 Slug Release Curies Released 
Slug) Equivalents h-action 

0.23 1 
54.45 1 

1 1 0.23 
I 1 54.45 

loble Gases 54.68 
I- ILJ 507E-07 4 
l-l 31 24.30 

54.68 1 

; 0.8 0.8 4.06E-07 19.44 
1 0.8 43.56 

Zr-95 
U-235 
, I 

53.50 
1.79E-05 

U-234 
Pu 

3.8 
6.13E-02 ( 

I 

1 0.0053 3.25E-04 
I I 1 7n 

NOTES: 

(1) “Shortly after the completion of these operations the pile returned to 
normal operations. As soon as the repressurization of the Helium was completed (the 
system is normally repressurized during Medical treatments), the fuel units in channels A- 
I-I-S and C-l l-4-N were found to be leaking at high rates. Again the presence of fission 
products were noted in the South duct, indicating that the fuel unit in A-I-I-S had 
ruptured. The reactor was again shut down and the leaking units were removed. 

The incidence of three ruptured units since January seemed somewhat ominous. A 
review of all operating conditions was made and it was noted that rapid temperature 
cycling of the reactor had been more prevalent recently. With this clue, the operating 
procedures were revised to minimize the amplitude and decrease the frequency of the 
temperature cycles.” 

(Reactor Operations Monthly Report, March 

(2) See note 2 for Rupture #2 

(Health Physics and Safety Summary, March 1 

(3) 3112152 0220 - Probes slightly rising 

1952) 

952) 

0349 - South Probe 220 mR/hr 
Shut down the reactor 

(Reactor Operations Logbook) 



Rupture Number 4 

2.25* km / 6.8E+03 Bq/m 
4B (450 minutes) 
4.40 km / 1.4E+03 Bq/m2 

* Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) 

(2) 

(3) 

(4) 

The probe measurement was used to estimate that 1.95 Ci of particulates were emitted 
from the stack (section 4.3, Part II). 
Since the particulate inventory of this slug was 320 Ci, the release fraction is 1.95 Ci / 
320 Ci = 0.0061. The specific particulate radionuclide releases are partioned by this 
release fraction. 
The assumed particulate release fraction from one slug is .Ol and since the particulate 
release fraction was less than would be expected from one slug, it was assumed in 
estimating the noble gas and radioiodine releases that there was 1 slug equivalent. 
For the noble gases, 1 OO%, and, for the radioiodines, 80% of the inventory of I slug 
equivalent is assumed to have been released from the stack. The Table below presents 
the release information. 
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Sr-90 1.81 1 / 0.0061 l.llE-02 
Zr-95 53.51 I 1 0.0061 3.26E-01 
U-235 
U-238 
Ur234 
Pu 

1.79E-05 0.0061 I .09E-07 
3.88E-04 0.0061 2.37E-06 
3.88E-04 0.0061 2.37E-06 
6.13E-02 0.0061 3.74E-04 

I Total Particulates 1 320.69 1 ( 0.0061 1.95 1 

NOTES: 

(1) “On May 6, 1952, the North exit filter activity unit and the North duct probe indicated the 
presence of fission products. The Stack gas Recorder and Helium System 
instrumentation indicated normal readings and were checked to be in good working 
condition. The reactor was shut down and the plenum chambers were probed with a 
hastily constructed gas sampling instrument in an effort to locate the source of the 
activity. Since no positive indication of a fission product source was obtained, the reactor 
was again started and operated normally for eleven hours when the exit filter activity and 
the duct probes indicated a sizable increase in the fission products present. The reactor 
was again shut down and,the probing operation of the previous date was repeated with 
some success, in that a high background area was located and narrowed by probing with 
rods coated with gum tape until it was determined that all of the fission products were 
coming from Channel C-4-O-N. The fuel element in this Channel was then discharged. 

The most feasible explanation of this incident seems to be that the l/8” Helium tube 
became ‘crimped’ after it was tested for continuity. 
Since no Helium was supplied to the opening, there was no washing out of radioactive 
gas from the inside of the fuel unit; which explains the normal stack gas activity and 
Helium System indications.” 

(Reactor Operations Monthly Report, May 1952) 

(2) 516152 0930 North Probe 250 mR/hr. 
Reactor Shut down 

1735 Reactor at 19 MW 
2330 North Probe 250 mR/hr. 

(Reactor Operations Logbook) 

m-13 

Radionuclide Inventory (Ci, 1 
Slua\ 

Slug Release 
Eauivalents Fraction 

Curies Released 

Nb-95 53.60 0.0061 3.27E-01 
Ru-I 03 24.30 0.0061 1.48E-01 
Ru-I 06 2.04 0.0061 1.24E-02 
Sr-89 40.18 0.0061 2.45E-01 



Rupture Number 5 

Class Non-generic 
Rupture Date 1212152 

Rupture Time 

Channel Number 

0800 

S D-O-3 

Discharge Day 
I 

1 838 

Charge Day 1 

Number of Days in Reactor 837 

Average Power Level Over Period in Reactor and Total MWD 14.29 MW, 11,961 MWD 

Probe Measurement Not available 

Derived Slug Equivalent 1 
Wind Speed at the Ground 0.8 m/s 

Wind Direction (towards) swlwsw 

Calculated Distance to Maximum l-131 Deposition / Activity 2.25* km / 3.2E+04 BqlmL 

* Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) 

6-3 

For rupture #5, there is a notation in the reactor logbooks that the south probe reading 
was off-scale. However, the descriptive material available for this event does not reflect 
such a serious release. Fortunately, for rupture #6 there was a probe reading of 80 
mFUhr., 27 minutes prior to shutdown at 2130 hours on 4/l 7/55 and a probe reading on 
4/l 8/55 at 0840 of 85 mR/hr., some 11 hours later. For rupture #5, the shutdown 
occurred at 0805 on 12/2/52 and the next morning the south probe was 16 mR/hr. 
Although a quantitative relationship cannot be derived, it seems likely that ruptures 5 and 
6 are quite similar and an assumption of one slug being ruptured seems appropriate for 
rupture #5, together with the generic approach. 
For the noble gases, lOO%, and, for the radioiodines, 80% of the inventory in 1 slug is 
assumed to have been released to the stack. For the particulates, 1% of the inventory of 
1 slug is assumed to have been released to the stack. For this rupture the particulate 
inventory is multiplied by 0.01. The Table below presents the release information. 
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1 Radionuclide I Inventory (Ci, 1 I Slug 1 Release Curies Released 

Ce-I 44 43.79 ( 1 0.01 I 4.38E-01 
cs-I 37 2.41 1 1 0.01 2.41 E-02 
La-140 52.80 0.01 528E-01 
Nb-95 53.60 0.01 5.36E-01 
Ru-I 03 24.30 0.01 2.43E-01 
Ru-I 06 2.43 0.01 2.43E-02 
Sr-89 40.20 0.01 4.02E-01 
Sr-90 2.61 1 
Zr-95 53.60 1 0.01 5.3 

0.01 2.61 E-02 
6E-01 

0.01 1.79E-07 
0.01 3.88E-06 
0.01 3.88E-06 
0.01 6.13E-04 

3.29 

NOTES: 

(1) “On December 2, 1952, the fuel unit in the south end of D-O-3 indicated a large leak rate 
on the helium system. Indications of fission products were noted in the south duct 45 
minutes later and the reactor was immediately shutdown for discharging. This was the 
fifth fuel unit to rupture in the Brookhaven pile in such a way as to allow fission products 
to escape.” 

(Reactor Operations Monthly Report, December 1952) 

(2) 12/2/52 0805 Probe off scale [>2 Rlhr.] 
12/3/52 0800 - 16:00 South Probe 16 mWhr. 

(Reactor Operations Logbook) 
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Rupture Number 6 

Class Generic 

Rupture Date 4/I 7153 

Rupture Time 2100 

Channel Number S A 3-l 

Discharge Day 977 

Charge Day 862 

Number of Days in Reactor 115 
Average Power Level Over Period in Reactor and Total MWD 17.32 MW, 1,992 MWD 

Probe Measurement 85 mWhr 

Derived Slug Equivalent 1 

Wind Speed at the Ground 6A (I hour) 6.4 m/s 
6B (3.5 hour) 1.3 m/s 
6C (1 hour) 3.4 m/s; 

I 0.0001 I/s rain 
Wind Direction (towards) ( 6A (1 hour) SE 

6B (3.5 hour) WNW 
6C (1 hour) S 

Calculated Distance to Maximum I-1 31 Deposition / Activity 6A (I hour) 2.5* km / 
6.4E+02 Bq/m* 
6B (3.5 hour) 4.4* km / 
1 .I E+0.3 Bq/m* 
6C (I hour) 2.5* km / 

1 1 .I E+04 Bq/m* 
Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) 

(2) 

(3) 

(4) 

The probe measurement was used to estimate that 0.66 Ci of particulates were emitted 
from the stack (section 4.3, Part II). 
Since the particulate inventory of this slug was 258 Ci, the release fraction is 0.66 Ci / 
258 Ci = 0.0026. The specific particulate radionuclide releases are partioned by this 
release fraction. 
The assumed particulate release fraction from one slug is .Ol and since the particulate 
release fraction was less than would be expected from one slug, it was assumed in 
estimating the noble gas and radioiodine releases that there was 1 slug equivalent. 
For the noble gases, lOO%, and, for the radioiodines, 80% of the inventory of 1 slug 
equivalent is assumed to have been released from the stack. The Table below presents 
the release information. 
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( Release I Curies 

0.34 0.0026 8.82E-04 
La-l 40 52.80 0.0026 I .37E-01 
Nb-95 48.23 0.0026 1.25E-01 
Ru-103 21.09 0.0026 5.48E-02 
Ru-I 06 0.60 I n nn3c 

, “.““L” 
I 
I 

4 ccc n9 
I .J”L-“sJ 

I 

St--89 31.19 1 0.0026 8.11 E-02 
Sr-90 0.37 1 0.0026 9.54E-04 1 
Zr-95 
U-235 
U-238 
U-234 
Pu 
Total Particulates 

38.48 0.0026 I .OOE-01 
1.8E-05 0.0026 4.65E-08 

3.88E-04 0.0026 1 .I OE-06 
3.88E-04 0.0026 1 .I OE-06 
6.13E-02 0.0026 1.59E-04 

258.04 0.66 

NOTES: 

(1) “Considerable difficulty was experienced during the weekend of April 17, due to the 
apparent failure of the leak detection system in locating a ruptured fuel element. At 2157, on 
April 17, the probes and exit filter monitor for the south duct indicated that fission products 
were escaping from a fuel element in the south half of the reactor and the reactor was shut 
down. Since the helium system, had not given the response usually noted when a rupture 
occurs, several fuel elements known to be leaking were suspected and individual leak rates 
were determined on these elements. This revealed that the leak rates on elements C-1-O-S 
and B-2-2-S had substantially increased. These elements were removed as possible ruptures 
and the pile was again started. 

Persistent indications of the escape of fission products continued and the pile was again 
shut down after operating less than two hours. 

The entire south face of the pile was then probed with an air sampling detector designed 
for this purpose. When this operation was completed, A-2-5-S appeared to be the most likely 
suspect although the data was far from conclusive. This element was removed and the 
reactor was again started. 

Indications that a leaking fuel unit remained in the reactor persisted after startup. 
However, it was decided to continue the operation of the reactor for a longer period of time. 
The size of the rupture was apparently small enough to defy location and surveys of the fans 
indicated that practically all of the particles were being retained on the filters. 

The reactor was shut down nine hours later. Probing was again started using an 
improved technique. A-3-l-S was found to be the offender and the rupture was visible in the 
vicinity of the welded outer end.” (Reactor Operations Monthly Report, April 1953) 

(2) 4/l 7/53 2130 South Probe 80 mR/hr. 
2157 Reactor shut down. 

4/18/53 0840 South Probe 85 mR/hr. 
(Reactor Operations Logbook) 
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Class Generic 

Rupture Date 4122153 

Rupture Time 0700 

Channel Number S B-0-1 

Discharge Day 789 
Charge Day 687 

Number of Days in Reactor 102 

Average Power Level Over Period in Reactor and Total MWD 20.90 MW, 2132 MWD 

Probe Measurement 31 mR/hr 

Derived Slug Equivalent 1 

Wind Speed at the Ground 5.1 m/s 
Wind Direction (towards) E/ENE 
Calculated Distance. to Maximum l-131 Deposition I Activity 3.25* km / 2.8E+03 BqlmL 

* Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) 

(2) 

(3) 

(4) 

The probe measurement was used to estimate that 0.24 Ci of particulates were emitted 
from the stack (section 4.3, Part II). 
Since the particulate inventory of this slug was 250 Ci, the release fraction is 0.24 Ci / 
250 Ci = 0.00095. The specific particulate radionuclide releases are partioned by this 
release fraction. 
The assumed particulate release fraction from one slug is .Ol and since the particulate 
release fraction was less than would be expected from one slug, it was assumed in 
estimating the noble gas and radioiodine releases that there was 1 slug equivalent. 
For the noble gases, lOO%, and, for the radioiodines, 80% of the inventory of 1 slug 
equivalent is assumed to have been released from the stack. The Table below presents 
the release information. 

IIA-18 



[ Radionuclide I Inventory (Ci, 1 1 Slug 1 Release I Curies Released 
Slug) Equivalents Fhction 

Kr-85 4.29E-02 1 1 4.29E-02 
Xe-I 33 54.45 1 1 54.45 
Total Noble Gases 54.49 54.49 
l-l 29 9.06E-08 1 0.8 7.25E-08 

I l-131 24.30 1 1 1 0.8 19.44 1 
l-l 33 
Total Iodines 

54.45 1 0.8 43.56 
78.75 63.00 

Ba-140 52.59 0.00095 505E-02 

Sr-90 

Ce-I 44 

Zr-95 

cs-I 37 

U-235 

La-140 

U-238 

Nb-95 

U-234 

Ru-I 03 

Pu 

Ru-I 06 

Total Particulates 

Sr-89 

10.98 

0.33 0.00095 

0.00095 

3.13E-04 

l.O5E-02 

36.15 

0.30 

0.00095 

0.00095 

3.47E-02 

2.89E-04 

1.79E-05 

52.80 

0.00095 

0.00095 5.07E-02 

I .72E-08 
3.88E-04 

46.63 

0.00095 

0.00095 

3.72E-07 

4.48E-02 

3.88E-04 

20.27 

0.00095 

0.00095 

3.72E-07 

1.95E-02 

6.13E-02 

0.54 

0.00095 

0.00095 

5.88E-05 

5.17E-04 

250.17 

29.53 0.00095 

2.40E-01 

2.83E-02 

NOTES: 

(1) “At about 0700 on April 22, 1953, the helium system, stack air activity, exit filter activity 
and duct probe instruments all indicated a ruptured element. The leaking unit was 
located by the helium system immediately and fuel element B-O-l-S was discharged. 
The reactor was at full power again within four and one-half hours. All elements of the 
leak detection and location system functioned properly. 

Eight fuel elements were removed during the shut down scheduled at the end of the 
month. In all cases the fuel elements had substantial leaks, but in no case was there any 
indication of fission products’ having escaped.” 

(Reactor Operations Monthly Report, April 1953) 

(2) 4/22/53 0730 South Probe 19.5 mRfhr 
0745 South Probe 31 mR/hr 
0755 Reactor Shut down 

(Reactor Operations Logbook) 



Rupture Number 8 

(1) 

(2) 

(3) 

(4) 

The probe measurement was used to estimate that I .I Ci of particulates were emitted 
from the stack (section 4.3, Part II). 
Since the particulate inventory of this slug was 23.5 Ci the release fraction is 1 .I Ci / 
23.5 Ci = 0.047. The specific particulate radionuclide releases are partioned by this 
release fraction. 
The assumed particulate release fraction from one slug is .Ol and since the particulate 
release fraction is greater than would be expected from 4 slugs, it was assumed in 
estimating the noble gas and radioiodine releases that there were 5 slug equivalents. 
For the noble gases, 100% and for the radioiodines, 80% of the inventory of 5 slug 
equivalents is assumed to have been released from the stack. The Table below presents 
the release information. 
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NOTES: 

(1) “On May 9, 1953, fuel was charged into the North and South ends of 
Channel B-2-7. Shortly after operation was resumed, the instrumentation indicated that 
the element in the North end of this channel had been ruptured. A rupture after so short 
a period of operation had never been experienced and it was necessary to probe the 
channel to confirm the condition. 

The ruptured element was removed and operations were resumed. Since this element 
experienced only a few hours of operation, it will probably be ‘cool’ enough to remove 
from the canal for detailed inspection in the near future.” 

(Reactor Operations Monthly Report, May 1953) 

(2) 5/I o/53 0049 Probe read 140 mWhr. 
0055 Reactor shut down 

(Reactor Operations Logbooks) 



Rupture Number 9 

1 Class / Generic 

Rupture Date 7123153 

Rupture Time 1400 

Channel Number 
I 

1 N C-3-3 

Discharge Day 

Charge Day 

Number of Davs in Reactor 

1074 

1 
I 

I 1073 

Average Power Level Over Period in Reactor and Total MWD 

Probe Measurement 
15.90 MW, 17,061 MWD 

1000 mWhr 

1 Derived Slun Eauivalent 
I 
13 - . 

Wind Speed at the Ground 

Wind Direction (towards) 

Calculated Distance to Maximum I-131 Deposition I Activity 

I .5 m/s 

ESE 

4.4 km / 7.8E+03 Bq/m’ 

(1) 

(2) 

(3) 

(4) 

The probe measurement was used to estimate that 7.8 Ci of particulates were emitted 
from the stack (section 4.3, Part II). 
Since the particulate inventory of this slug was 333 Ci the release fraction is 7.8 Ci / 
333 Ci = 0.023. The specific particulate radionuclide releases are partioned by this 
release fraction. 
The assumed particulate release fraction from one slug is .Ol and since the particulate 
release fraction was slightly more than would be expected from 2 slugs, it was assumed 
in estimating the noble gas and radioiodine releases that there were 3 slug equivalents. 
For the noble gases, 100% and for the radioiodines, 80% of the inventory of 3 slug 
equivalents is assumed to have been released from the stack. The Table below presents 
the release information. 



Radionuclide Inventory (Ci, 1 Slug Release Curies Released 
Slug) Equivalents Fraction 

Kr-85 0.41 3 1 4 
Xe-I 33 54.45 3 1 163.35 
Total Noble Gases 54.86 164.59 
l-129 9.53E-07 3 0.8 2.29E-06 
l-131 24.30 3 0.8 5.83E+01 

Sr-90 3.32 ) ) 0.023 7.64E-02 
Zr-95 53.60 1 1 0.023 1.23 

1.79E-05 1 
I 

U-235 1 0.023 4.12E-07 1 
U-238 3.88E-04 0.023 8.92E-06 
U-234 3.88E-04 0.023 8.92E-06 
Pu 6.13E-02 0.023 1.41 E-03 
Total Particulates 333.15 0.023 7.66 

NOTES: 

(1) “On July 23, evidence of fission products escaping into the north duct was received from 
two independent detecting systems, but the helium system indicated no new large leaks. 
This fuel element in the north end of channel C-l-2 had previously been removed from 
the helium system because of a leak rate which was interfering with the system’s 
sensitivity. In such cases, the element removed is fed from a separate helium tank until 
discharged. The leak rate of this element was checked and found to have increased from 
125 cc/hr to 250 cc/hr in teh days. This element was then discharged and, operations 
were resumed. The presence of fission products in the ducts ahead of the filters 
persisted and the reactor was again shut down. Many hours of probing at low power 
levels followed with inconclusive results. Finally, oil soaked tapes were hung in front of 
all suspected channels. This resulted in the location of an area in the vicinity of C-3-l as 
being questionable. The elements in the north end of channels C-3-1, C-3-2 and C-3-3 
were removed. On the basis of probe readings the rupture is being assigned to the 
element in channel C-3-3, although the data is not conclusive. During this work, leaks 
developed in the elements in the north end of channels C-6-4 and C-3-8, due to damage 
to their helium tubes. These elements were also discharged. Operations were resumed 
following the discharging of these elements and the presence of fission products in the 
ducts rapidly diminished.” 

(Reactor Operations Monthly Report, July 1953) 

(2) 7/23/53 1400 North Probe 40 mWhr 
1545 Reactor shut down 

7/24/53 0145 North Probe dropped to 500 mR/hr 
0200 North Probe 1000 mR/hr 
0205 Reactor shut down 

(Reactor Operations Logbook) 
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Rupture Number 10 

HA-24 

, 

Class Non-generic 

Rupture Date 8124153 

Rupture Time 

Channel Number 

1340 

S A-2-4 

Discharge Day 

Charge Day 

1104 

1 

Number of Days in Reactor 1103 

Average Power Level Over Period in Reactor and Total MWD 16.07 MW; 17,725 MWD 

Probe Measurement Not available 

Derived Slug Equivalent 

Wind Speed at the Ground 

Wind Direction (towards) 

5 

1 OA (20 minutes) 1.4 m/s 
IOB (IO minutes) 4.1 m/s 

I IOC (15 minutesj 2.0 m/s 
1 IOA (20 minutes) SE 

1 OB (I 0 minutesj NE 
IOC (15 minutes) NE 

Calculated Distance to Maximum l-131 Deposition I Activity 1 OA (20 minutes) 2.5* km / 
3.OE+04 Bq/m* 
IOB (IO minutes) 3.5* km / 
7.5E+03 Bq/m* 
1 OC (15 minutes) 4.4* km / 
5.1 E+03 Bq/m2 

Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) 

(2) 

Rupture #I 0 was a large rupture, although effects were not seen in the environmental 
monitoring shacks, and there was no discussion of difficulty due to swelling of the 
cartridge, nor was there any evidence of burning. It would, therefore, seem appropriate 
to assume that all five “lost slugs” given in Table 1 were ruptured during this event and 
that the generic approach is appropriate. 
For the noble gases, lOO%, and, for the radioiodines, 80% of the inventory in 5 slugs is 
assumed to have been released to the stack. For the particulates, 1% of the inventory of 
5 slugs is assumed to have been released to the stack. For this rupture the particulate 
inventory is multiplied by 0.05. The Table below presents the release information. 



U-235 
U-238 
U-234 
Pu 
Total Particulates 

1.79E-05 0.05 8.95E-07 
3.88E-04 0.05 1.94E-05 
3.88E-04 0.05 1.94E-05 
6.13E-02 0.05 3.07E-03 

333.61 16.68 

NOTES: 

(1) “At 1340 hours on August 24 an increase was reported in the South probe reading. 
Several minutes later, while inspecting the readings on the stack air activity and exit filter 
activity instruments, an exceedingly rapid rise in activity was noted. The reactor was shut 
down at 1348. 

It was immediately evident that the conditions surrounding the event were abnormal and 
that a larger than normal amount of uranium oxide and fission products had escaped 
from a fuel can. The duct wall opposite the exit filters was noted to read about 350 mR at 
a point where there is normally a background reading. 

Probing confirmed that the unit in the south end of channel A-2-4 had ruptured. The 
removal of this unit was accomplished under difficult conditions due to the unusually high 
radiation levels from the contamination of the handling tools. 

It has been estimated that a fairly large portion of the fuel in this element was converted 
to uranium oxide. (Probably ten slugs).” 

(Reactor Operations Monthly Report, August 1953) 

(2) “On the afternoon of August 24, one of the fuel elements in the Pile ruptured, releasing 
large amounts of activated: Uranium dust. The exit air filter monitors collected a 
sufficiently large amount of this material to trip the building radiation alarm on the east 
balcony and to raise the background on the SU-3 in the control room by a factor of IO or 
so. This increase in general background dropped away very rapidly. Two men 
immediately investigated by smears and MX-5 in a downwind direction from the stack. 
This brought negative results, indicating no serious release of particulate activity from the 
stack. The word from various individuals on site and the records from the area 
monitoring shacks indicate that an appreciable cloud of radioactive gas was emitted. 
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Radioactive particulates were detected by the continuous dust monitors at the area Radioactive particulates were detected by the continuous dust monitors at the area 
monitoring stations and by settled dust collectors. The data has not yet been fully monitoring stations and by settled dust collectors. The data has not yet been fully 
analyzed but the levels observed were not large enough to cause any concern. analyzed but the levels observed were not large enough to cause any concern. 

The analysis of area monitoring data during the recent slug rupture at the Pile shows that The analysis of area monitoring data during the recent slug rupture at the Pile shows that 
a significant amount of particulate activity was detected with the dust monitors but that a significant amount of particulate activity was detected with the dust monitors but that 
there was no appreciable deposition of material at the stations. The peaks noted in the there was no appreciable deposition of material at the stations. The peaks noted in the 
dust monitoring curves were sizable in only two cases. The other peaks might well have dust monitoring curves were sizable in only two cases. The other peaks might well have 
been due to residual activity from bomb tests.” been due to residual activity from bomb tests.” 

(Health Physics and Safety Summary, August 1953) (Health Physics and Safety Summary, August 1953) 

(3) (3) “Data in regard to fallout of activity caused by the rupture of a fuel cartridge at the Pile on “Data in regard to fallout of activity caused by the rupture of a fuel cartridge at the Pile on 
8/24/53 and that caused by Nevada bomb tests were summarized and compared in a 8/24/53 and that caused by Nevada bomb tests were summarized and compared in a 
memo to Dr. Fox. It was shown that the fallout due to the slug rupture was negligible memo to Dr. Fox. It was shown that the fallout due to the slug rupture was negligible 
compared to that due to the bomb tests.” compared to that due to the bomb tests.” 

(Health Physics and Safety Summary, November 1953) (Health Physics and Safety Summary, November 1953) 
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Rupture Number II 

Class Generic 

Rupture Date 11 I8153 

Rupture Time 1130 

Channel Number 

Discharge Day 

Charge Day 

Number of Days in Reactor 

Average Power Level Over Period in Reactor and Total MWD 

S A-l-3 

1179 

988 

191 

20.96 MW, 4003 MWD 

Probe Measurement 33 mR/hr 

Derived Slug Equivalent 1 

Wind Speed at the Ground 5.1 m/s 

Wind Direction (towards) NE 

Calculated Distance to Maximum l-131 Deposition / Activity 3.5* km / 2.5E+03 Bq/m’ 

* Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) 

(2) 

(3) 

(4) 

The probe measurement was used to estimate that 0.26 Ci of particulates were emitted 
from the stack (section 4.3, Part II). 
Since the particulate inventory of this slug was 286 Ci, the release fraction is 0.26 Ci / 
286 Ci = 0.0009. The specific particulate radionuclide releases are pat-boned by this 
release fraction. 
The assumed particulate release fraction from one slug is -01 and since the particulate 
release fraction was less than would be expected from one slug, it was assumed in 
estimating the noble gas and radioiodine releases that there was 1 slug equivalent. 
For the noble gases, 100% and for the radioiodines, 80% of the inventory of 1 slug 
equivalent is assumed to have been released from the stack. The Table below presents 
the release information. 
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Radionuclide 

Kr-85 
Xe-I 33 
Total Noble 
Gases 

Inventory (Ci, 1 Slug) Slug Release Curies Released 
Equivalents Fraction 

7.97E-02 1 1 7.97E-02 
54.45 1 1 54.45 
54.53 54.53 

l-l 29 1.70E-07 1 0.8 1.36E-07 
l-131 24.30 1 0.8 19.44 
l-133 54.45 1 0.8 43.56 
Total Iodines 78.75 63.00 
Ba-140 52.80 0.0009 4.75E-02 
Ce-144 18.60 0.0009 1.67E-02 
cs-137 5.62E-01 0.0009 506E-04 
La-l 40 52.80 0.0009 4.75E-02 
Nb-95 52.42 0.0009 4.72E-02 
Ru-103 24.46 0.0009 2.11 E-02 
Ru-106 0.93 0.0009 8.38E-04 
Sr-89 
St--90 
Zr-95 
U-235 
U-238 
L J-734 

36.84 0.0009 3.32E-02 
6.08E-01 0.0009 5.47E-04 

47.05 0.0009 4.23E-02 
1.79E-05 0.0009 1.61 E-08 
3.88E-04 0.0009 3.49E-07 

o-onn9 3.49E-07 
Pu 6.13E-02 1 1 0..0009 5.52E-05 
Total Particulates 1 286.13 1 1 0.0009 258E-01 

NOTES: 

(1) “Two ruptured fuel elements were removed during the month. In both cases the 
detection of the rupture was immediate and insignificant amounts of fission products 
escaped into the ducts. In one case (A-l-3-S), the location of the offending units was 
routine and consumed a minimum of time; in the second case (C-l-l-N), some difficulty 
was experienced. 

On the day proceeding the rupture of the element in the South end of the channel A-l -3, 
a power failure occurred which caused an emergency shutdown of the reactor. Following 
the shutdown, several large helium leaks were detected on the helium system and 1159 
hours on November 8, the rupture was detected by the exhaust duct probes. These 
events provide some indication that the manner in which the reactor is shut down affects 
the life of fuel elements. An effort will be made to gather more information on this 
situation.” 

(Reactor Operations Monthly Report, November 1953) 

(2) 1 l/8/57 1130 South Probe from 17 mWhr to 27 mWhr 
1145 South Probe 33 
1159 Reactor shut down 

(Reactor Operations Logbook) 
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Rupture Number 12 

(1) 

(2) 

(3) 

(4) 

The probe measurement was used to estimate that 1.6 Ci of particulates were emitted 
from the stack (section 4.3, Part II). 
Since the particulate inventory of this slug was 335 Ci the release fraction is 1.6 Ci / 
335 Ci = 0.0048. The specific particulate radionuclide releases are partioned by this 
release fraction. 
The assumed particulate release fraction from one slug is .Ol and since the particulate 
release fraction was less than would be expected from one slug, it was assumed in 
estimating the noble gas and radioiodine releases that there was 1 slug equivalent. 
For the noble gases, 100% and for the radioiodines, 80% of the inventory of 1 slug 
equivalent is assumed to have been released from the stack. The Table below presents 
the release information. 

Radionuclide 

Kr-85 

Inventory (Ci, 1 Slug) Slug Release 
Equivalents Fraction 

(Id!? 1 1 

Curies Released 

l2Ac; 

I Xe-133 
-..- . I I V.-V 

54.45 I 1 1; 54.45 I 
Total Noble Gases 54.90 54.90 
l-129 l.O6E-06 1 0.8 8.45E-07 
I-131 24.30 1 0.8 19.44 
l-l 33 54.45 1 0.8 43.56 
Total Iodines 78.75 63.00 
Ba-140 52.80 0.0048 2.5X-01 

I Ce-144 .I.,_ w 1 
---I .63E-02 
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NOTES: 

(1) 

(2) 

(3) 

“Two ruptured fuel elements were removed during the month. In both cases the 
detection of the rupture was immediate and insignificant amounts of fission products 
escaped into the ducts. In one case (A-l-3-S), the location of the offending units were 
routine and consumed a minimum of time; in the second case (C-l-l-N), some difficulty 
was experienced. 

On November 16, at 2110 hours, probe readings indicated the escape of fission products 
into the ducts although the helium system gave no indication of a leaking element. The 
reactor was shut down at 2155 hours and alternate methods of locating the rupture were 
employed. These methods consisted of probing and making short low power runs with 
tapes placed in the channel exhaust streams. Eventually, the offending element was 
located in channel C-l -1 -N.” 

(Reactor Operations Monthly Report, November 1953) 

“Locating a ruptured fuel cartridge was a long job with high radiation 
levels. One run with the north scanner slots open resulted in fluxes of 12,000 slow 
neutrons/cm2/sec and 110 fast neutrons/cm2/sec in the control room. Handling rods read 
up to 1000 r/hr at contact when removed from the Pile.” 

(Health Physics and Safety Summary, November 1953) 

11 /I 6/53 2110 48 mR/hr. - slow rise 
2155 North Probe 202 mR/hr. 

Reactor shut down 

(Reactor Operations Logbook) 
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Rupture Number 13 

Class Non-generic 

Rupture Date 1 /I 7154 

Rupture Time 1030 

Channel Number 

Discharge Day 

S B-5-5 

1249 

Charge Day 1 

Number of Days in Reactor 1248 

Average Power Level Over Period in Reactor and Total MWD i6.28 MW; 20,317 MWD 

IIA-32 

Probe Measurement 

Derived Slug Equivalent 

Wind Speed at the Ground 

Wind Direction (towards) 

2000 mR/hr 

2 
I 

8.5 m/s 

SE/SSE 

Calculated Distance to Maximum l-131 Deposition /Activity 
I 
) 2.25* km / 5.6E+03 BqlmL 

* Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) For rupture 13, there was a stack release measurement by A. Solari of 6 Ci (see M. 
Weiss’s memo of 1954 in Attachment IIC). If this activity is used in the generic approach, 
two slug failures would have been expected. However, there is a probe measurement of 
2000 mR/hr. which would suggest five slugs were ruptured. It was noted that 
“. . .conditions surrounding this event were even more severe than usual and were similar 
to those experienced on August 24,1953” and “ . ..at several times during this operation 
flames were noted in the vicinity of the open container.” Under such adverse conditions, 
it seems reasonable to assume that more than 10% of the particulates escaped the 
slugs. If an assumption of 2 slugs each released 25% of their particulates, a stack 
release of 7 Ci would be expected and a probe reading of about 2,200 mR would be 
expected. Therefore, for rupture 13, this report uses 2 slugs ruptures with 25% of the 
particulates released, 100% of the noble gases, and 80% of the radioiodines released 
from each of these slugs. 

(2) For the noble gases, lOO%, and for the radioiodines 80% of the inventory in 2 slugs is 
assumed to have been released to the stack. For the particulates 2.5% of the inventory 
in 2 slugs is assumed to have been released to the stack. For this rupture the particulate 
inventory in one slug is multiplied by 0.050. The Table below presents the release 
information. 



Radionuclide Inventory (Ci, 1 Slug Release Curies Released 
Slug) Equivaients Fraction 

Kr-85 0.47 2 1 0.95 
Xe-133 54.45 2 1 108.90 
Total Noble Gases 54.92 109.85 

1 l-129 l.llE-06 12 1 0.8 2.22E-06 
l-131 24.30 1 2 ) 0.8 38.9 
l-133 54.45 2. 0.8 87.1 
Total Iodines 78.75 126.00 
Ba-140 52.80 0.050 2.64 
Ce-144 48.05 0.050 2.40 

Notes: 

(1) “On January 17, at 1144 hours, the reactor was shut down when the fuel element in the 
south end of the channel B-5-5 ruptured. This was the 13* ruptured fuel element 
experienced in 1249 days of operation. In eleven of the previous ruptures, ample 
warning was given in that the oxygen rate was slow enough to permit confirmation of the 
condition by observing data on the several systems which indicate such conditions. In 
this case, as in the rupture of August 24, 1953, no warning sign was given and 
appreciable amounts of uranium oxide escaped from the container. The reactor was 
shut down seven minutes after the first indication of the rupture. The helium system had 
located the leaking element two hours in advance of the rupture. However, since it is not 
uncommon for an element to develop a leak which may be fed with helium indefinitely 
without permitting the escape of fission products, the location of a leaking unit is not 
considered to necessarily indicate a rupture. The offending unit was removed in three 
portions, using three storage tubes. At several times during this operation, flames were 
noted in the vicinity of the open container. These were of short duration and required no 
special measures. 

The conditions surrounding this event were more severe than usual and were similar to 
those experienced on August 24, 1953. The removal of this element consumed 18.67 
hours. 

Prompt evaluation of the surrounding area by the Health Physics Division again indicated 
that the loss of fission products from the stack had not been significant compared to the 
conditions in this area as a result of the recent work in Nevada.” 

(Reactor Operations Monthly Report, January 1954) 

m-33 



(2) “The new H.P. monitor of stack particulate activity gave an interesting record that showed 
a release of a few curies of activity as a result of the incident, an unimportant amount in 
view of the tremendous dilution. Meteorological conditions were favorable for detection 
by one of the area monitoring stations and a sizeable peak was noted on the dust 
monitor. Activity was also found in several snow samples taken soon after the incident. 
The activity was confined to a narrow sector with a maximum near the east site perimeter 
at station E-7. Because of the rapid decay of the released material and the short time 
involved, no overexposure of individuals either on or off.the Site could have resulted. It 
was discovered that both the dust monitor used on stack air and the one in the monitoring 
station showed an increased counting rate at the instant of collection of the main burst of 
activity rather than after the normally assumed delay. Thus the record is a combination 
of this gamma ray breakthrough, as it varies with the position of the paper, and the 
normally assumed behavior. The effect was accentuated by the initial rapid decay of the 
samples. A study will be made of this effect.” 

(Health Physics and Safety Summary, January 1954) 

(3) l/17/54 1044 South Probe 2000 mR/hr. 
Reactor shut down 

(Reactor Operations Logbook) 
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Rupture Number 14 

1 Class I Generic 

1 Rupture Date 
I 
1 I/22/54 

Rupture Time 0935 

Channel Number S D-l-l 

Discharge Day 1255 
Charge Day 919 

Number of Days in Reactor 336 

Average Power Level Over Period in Reactor and Total MWD 20.32 MW, 6828 MWD 

Probe Measurement 

Derived Slug Equivalent 

Wind Speed at the Ground 

375 mRlhr 

1 

6.1 m/s 
L 

Wind Direction (towards) ssw 

Calculated Distance to Maximum l-131 Deposition I Activity 2.25* km / 4.OE+03 BqlmL 

* Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) 

(2) 

(3) 

(4) 

The probe measurement was used to estimate that 2.9 Ci of particulates were emitted 
from the stack (section 4.3, Part II). 
Since the particulate inventory of this slug was 307 Ci the release fraction is 2.9 Ci / 
307 Ci = 0.0094. The specific particulate radionuclide releases are partioned by this 
release fraction. 
The assumed particulate release fraction from one slug is .Ol and since the particulate 
release fraction was less than would be expected from one slug, it was assumed in 
estimating the noble gas and radioiodine releases that there was 1 slug equivalent. 
For the noble gases, 100% and for the radioiodines, 80% of the inventory of 1 slug 
equivalent is assumed to have been released from the stack. The Table below presents 
the release information. 

IIA-36 



U-238 
U-234 
Pu 
Total Particulates 

3.88E-04 0.0094 3.65E-06 
3.88E-04 0.0094 3.65E-06 
6.13E-02 0.0094 5.76E-04 

306.88 2.88 

NOTES: 

(1) “The reactor returned to normal operation on January 18, and continued to operate until 
January 22 when it was again shut down for 27.75 hours, for removing a ruptured fuel 
element. In this case, the conditions were not severe and no appreciable amounts of 
oxide were lost to the exhaust. 

The ruptured element removed on January 22 offered no special problem since its 
location and removal were accomplished before oxidation had progressed to any 
significant extent:” 

(Reactor Operations Monthly Report, January 1954) 

(2) 1 I22154 0935 Probe 112 mR/hr. 
1330 Probe 240 mR/hr. 
1400 Probe 375 mWhr. 

Reactor shut down 

(Reactor Operations Logbook) 



Rupture Number 15 

* Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) For rupture 15, the reference material indicates a similarity with rupture 10. The major 
difference was the difficulty in removing the ruptured element from the fuel channel in 
rupture 15. F.P. Cowan notes in the February 1954 HP Summary that the stack monitor 
indicated about 9 Ci. However, the probe measurements were in excess of 2,000 mR/hr 
for this rupture. It seems reasonable to use the 3 slugs listed in Table 1 as lost as the 
number of ruptured slugs, and, as we did with rupture 13, assume that 25% of the 
particulates were released from the ruptured slug. 

(2) For the noble gases, lOO%, and, for the radioiodines, 80% of the inventory in 3 slugs is 
assumed to have been released to the stack. For the particulates, 2.5% of the inventory 
of 3 slugs is assumed to have been released to the stack. For this rupture, the 
particulate inventory in 1 slug is multiplied by 0.075. The Table below presents the 
release information. 

1 Radionuclide Inventory (Ci, 1 I Release 1 Curies Released 

3.65 / 1 0.075 2.74E-01 ( 37 
La-140 52.80 0.075 3.96 
Nb-95 53.60 0.075 4.02 
Ru-103 24.30 0.075 1.82 
Ru-106 2.79 0.075 2.09E-01 
Sr-89 40.20 0.075 3.02 
Sr-90 3.95 0.075 2.96E-01 
Zr-95 53.60 0.075 4.02 
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NOTES: 

(1) “On February 21, 1954, the fuel element in the north end of channel B-5-5 ruptured. The 
conditions surrounding this rupture were similar in many respects to those encountered 
with the ruptures of August 24, 1953, and January 17, 1954. In each case, large 
amounts of activity abruptly appeared in the exhaust stream necessitating an immediate 
cessation of operations. In the latter case, the reactor was shut down approximately one 
minute after the first indication of the incident. 

The removal of this ruptured element was accomplished by drilling through approximately 
4 feet of the channel length with a long thin-walled hollow drill, the O.D. of which was 2.5 
inches. 

Throughout the entire operation the stack effluent was continuously monitored by Health 
Physics Division and additional ground checks were made in the direction of the wind 
from the stack. These results indicated that the exhaust filters were effective in 
controlling the contamination from the incident.” 

(Reactor Operations Monthly Report, February 1954) 

(2) “The stack dust monitor showed that about 8.9 curies of particulate activity were released 
as a result of this incident., No effects chargeable to the incident were found in the 
records of any of the area monitoring stations and a survey with geiger counters revealed 
no detectable fallout. 0.7 curies were released during the period just before shutdown, 
2.6 curies during the shutdown and 5.6 curies during the start-up and the l&hour period 
after the start-up. The maximum rate of release of activity was about 25 mCi/min. During 
normal operation of the pile this monitor indicates release of filterable activity at the rate 
of about 0.14 mCi/min. Thus for the 3-day period of the shutdown, about 0.6 curies 
would normally have been released.” 

(Health Physics and Safety Summary, February 1954) 

(3) 2121154 
0632 North Probe ~2000 mR/hr, reactor shut down. 

(Reactor Operations Logbook) 



Rupture Number 16 

Class 

Rupture Date 

I Rupture Time 

Channel Number 

Discharge Day 

Charge Day 

Number of Days in Reactor 

Average Power Level Over Period in Reactor and Total MWD 

Probe Measurement 

1 Derived Slug Equivalent - * 
Wind Speed at the Ground 

Wind Direction (towards) 

Calculated Distance to Maximum l-131 Deposition I Activity ) 2.5* km / 2.8E+04 Bqlm’ I 
* Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) Rupture 16 is a confusing rupture. The probe reading was greater than 2,600 mR/hr. and 
some increase in activity was seen in the dust monitor at two of the environmental 
monitoring stations. There were no reported difficulties removing the slug and no 
evidence of burning. The most confusing issue was the notation in Table 1 that 0 slugs 
were lost. It seems most reasonable to assume that 8 slugs ruptured, and the release 
fraction given for the generic ruptures is most applicable. 

(2) For the noble gases, lOO%, and, for the radioiodines, 80% of the inventory in 8 slugs is 
assumed to have been released to the stack. For the particulates, 1% of the inventory of 
8 slugs is assumed to have been released. For this rupture, the particulate inventory in 1 
slug is multiplied by 0.08. The Table below presents the release information. 

Non-generic 

4/l 1 I54 I 
1 0810 

N B-0-1 

1334 
I 

1227 

107 

18.90 MW; 2022 MWD 

>2000 mR/hr I 
18 

6.1 m/s 

NNE 
I 

HA-40 



U-238 
U-234 
Pu 
Total Particulates 

3.88E-04 0.08 3.1 OE-05 
3.88E-04 0.08 3.1 OE-05 
6.13E-02 0.08 4.9OE-03 

253.4 0.08 20.27 

NOTES: 

(1) “On April 11, 1954, all of the exhaust gas instruments suddenly indicated the presence of 
fission products in the exhaust ducts and the reactor was immediately shut down. The 
helium system, however, gave no indication of a leaking unit. As is now the practice in 
such cases, oil soaked tapes were dropped in front of each row of holes and the pile was 
restarted and operated for a few minutes at low power. The location of the difficulty was 
determined to be in Channel B-0-1 by the adherence of fission products to the tapes. 
The removal of the fuel in this channel corrected the difficulty.” 

(Reactor Operations Monthly Report, April 1954) 

(2) “Failure of a fuel element on April 11 resulted in release of activity detectable on the dust 
monitors in two of the area monitoring stations. The effect was small however, and no 
activity could be found on the ground with survey instruments. There was the usual large 
quota of extra H.P. work connected with subsequent charging and discharging 
operations.” 

(Health Physics and Safety Summary, April 1954) 

(3) 4/l l/54 0812 North Probe greater than 2000 mR/hr 

(Reactor Operations Logbook) 
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Rupture Number 17 

Class Generic 

Rupture Date 6120154 

Rupture Time 0915 

Channel Number S B-3-5 

Discharge Day 

Charge Day 

1404 

1 - - I 

Number of Days in Reactor I 1403 

Average Power Level Over Period in Reactor and Total MWD 16.81 MW 23,23,584 MWD 

Probe Measurement 
I 

120 mWhr 

Derived Slug Equivalent I 1 

Wind Speed at the Ground 4.7 m/s 

Wind Direction (towards) NNE 

Calculated Distance to Maximum l-131 Deposition /Activity I 2.5* km / 4.5E+03 Bq/mL 

* Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) 

(2) 

(3) 

(4) 

The probe measurement was used to estimate that 0.94 Ci of particulates were emitted 
from the stack (section 4.3, Part II). 
Since the particulate inventory of this slug was 337 Ci the release fraction is 0.94 Ci / 
337 Ci = 0.0028. The specific particulate radionuclide releases are partioned by this 
release fraction. 
The assumed particulate release fraction from one slug is .Ol and since the particulate 
release fraction was less than would be expected from one slug, it was assumed in 
estimating the noble gas and radioiodine releases that there was 1 slug equivalent. 
For the noble gases, 100% and for the radioiodines, 80% of the inventory of 1 slug 
equivalent is assumed to have been released from the stack. The Table below presents _ 
the release information. 



I Radionuclide I Inventory 
1 Slug) 

y (Ci, 1 Slug Release Curies Released 
Equivalents Fraction 

I 4 n E-2 

34.45 1 1 1 1 54.43 1 

Total Noble 
Gases 
l-129 
l-131 
l-133 

54.98 54.98 

1.25E-06 1 0.8 9.97E-07 
24.30 1 0.8 1.49E+Ol 
54.45 1 0.8 4.36E+Ol 

Pu 6.13E-02 1 ( 0.0028 1.72E-04 
Total Particulates I 337.32 ( 1 0.0028 0.94 

NOTES: 

(1) “The element in the south end of B-3-5-S ruptured on June 21. The helium system 
located the leak simultaneously with the indication of fission products in the exhaust.” 

G-9 

(Reactor Operations Monthly Report, p. 6) 

6/21/54 0925 South Probe 110 to 120 mWhr. 
0930 Reactor shut down 

(Reactor Operations Logbook) 



* Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

Rupture Number 18 

(1) For rupture 18, it is difficult to assess the stack release because although the probe read 
80 mWhr, there was a notation in the Reactor Operations Report that “. . .white hot sparks 
and a dull red glow were noted several times while the element was being disturbed. 
Several slugs were probably oxidized badly during this event.” Unlike ruptures 22 and 
23, this cartridge was easily removed. It would seem appropriate, therefore, that the 5 
slugs listed in Table 1 as lost should be accepted as ruptured for this event and then use 
the generic approach to estimate release fraction. Therefore, 5 slugs were ruptured and 
100% of the noble gases, 80% of iodines, and 1% of the particulates were released. For 
this rupture the particulate inventory in 1 slug is multiplied by 0.05. The Table below 
presents the release information. 

U-238 
U-234 
Pu 
Total Particulates 

3.88E-04 0.05 1.94E-05 
3.88E-04 0.05 1.94E-05 
6.13E-02 0.05 3.07E-03 

336.93 16.85 
DA-44 



NOTES: 

(1) “The fuel element in channel B-5-2-S ruptured on July 6, at 1330 hours. All Rssion product 
detectors responded properly and the element was promptly located using the 
information from the helium system with confirmation by probing. 

The removal of the unit was accomplished with a minimum of difficulty and 
contamination, although white hot sparks and a dull red glow were noted several times 
while the element was being disturbed. Several slugs were probably oxidized badly 
during this event.” 

(Reactor Operations Monthly Report, July 1954) 

(2) “A defective fuel cartridge released considerable activity inside the pile on July 6th but 
was discharged with relatively small amounts of contamination. A tool used to probe the 
suspected channel read 120 r/hr at 3 feet and readings over the canal rose to 1 r/hr after 
discharge. A very strict traffic control system was set up and effectively minimized the 
spread of contamination.” 

(Health Physics and Safety Summary, July 1954) 

(3) “On July 6th another rupture occurred. It was evident that it was a fairly bad rupture as it 
tripped a number of the building radiation monitors. The suspected channel was probed. 
When withdrawn to the charging face, the probe was found to read more than 120 r/hr at 
3 feet. The probe was hastily shoved back into the plenum and was then discharged into 
the canal. The cartridge was discharged with remarkably little difficulty and relatively 
small amounts of contamination. Following the work, the highest smear on the pile top 
was 8300 c/m.” 

(Memo Keene to Gemmell, August 1954) 

(4) 716154 1328 South Probe 80 mR/hr. 
1333 Reactor Shut down 

(Reactor Operations Logbook) 
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Rupture Number 19 

Class 

Rupture Date 

Rupture Time 

Channel Number 

Generic 

6/l 9155 

0130 

N D-8-3. 

Discharge Day 

Charge Day 

Number of Days in Reactor 

Average Power Level Over Period in Reactor and Total MWD 

1767 

11 

1766 

17.88 MW; 31576 MWD 

Probe Measurement 

Derived Slug Equivalent 

Wind Speed at the Ground 

Wind Direction (towards) 

144 mR/hr 

1 

1.9 m/s 

NE 

Calculated Distance to Maximum l-131 Deposition I Activity ) 4.4 km / 2.5E+03 BqlmL 

(1) 

(2) 

(3) 

(4) 

The probe measurement was used to estimate that 1 .I Ci of particulates were emitted 
from the stack (section 4.3, Part II). 
Since the particulate inventory of this slug was 340 Ci the release fraction is 1 .I Ci / 
340 Ci = 0.0032. The specific particulate radionuclide releases are pat-boned by this 
release fraction. 
The assumed particulate release fraction from one slug is .Ol and since the particulate 
release fraction was less than would be expected from one slug, it was assumed in 
estimating the noble gas and radioiodine releases that there was 1 slug equivalent. 
For the noble gases, 100% and for the radioiodines, 80% of the inventory of 1 slug 
equivalent is assumed to have been released from the stack. The Table below presents 
the release information. 
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1 Radionuclide ( Inventory (Ci, 1 1 Slug 1 Release Curies Released 1 

Ce-144 49.85 0.0032 1.60E-01 
cs-137 4.95 0.0032 1.58E-02 
La-l 40 52.80 0.0032 1.69E-01 
Nb-95 53.60 0.0032 1.72E-01 
Ru-103 24.30 0.0032 7.78E-02 
Ru-106 2.95 0.0032 9.44E-03 

NOTES: 

(1) “There is reasonably good evidence that a small amount of fission products escaped 
from one of these elements. On July 19, a gradual rise in the north duct activity was 
noted. At this time four known leakers were in the north half of the reactor and had been 
located by the helium system. The reactor was shut down and these leakers were 
probed. The element in ND-8-3 proved to be the source of the difficulty. It was removed 
along with the other three leakers and normal operation was resumed.” 

(Reactor Operations Monthly Report, June 1955) 

(2) 6/19/55 0130 Probe 144 mR/hr. 
1520 Slow shutdown of the Reactor 

(Reactor Operations Logbook) 
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Rupture Number 20 

Class Generic 

Rupture Date 1 O/l l/55 

Rupture Time 0600 

Channel Number N D-9-l 

Discharge Day 1882 

Charge Day 1 

Number of Days in Reactor 1881 

Average Power Level Over Period in Reactor and Total MWD 18.07 MW, 33,990 MWD 

Probe Measurement 500 mR/hr 

Derived Slug Equivalent 2 

Wind Speed at the Ground 20A (90 minutes) 2.0 m/s 
20B (60 minutes) 1.4 m/s 
20C (60 minutes) 1.4 m/s 

Wind Direction (towards) 20A (90 minutes) S 
20B (60 minutes) WSW 
20C (60 minutes) W 

Calculated Distance to Maximum l-131 Deposition I Activity 20A (90 minutes) 2.25* km / 
1.3E+04 Bq/m2 
20B (60 minutes) 2.25* km / 
6.5E+03 Bq/m2 
20C (60 minutes) 1.75* km / 
8.8E+03 Bq/m2 

Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 
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Radionuclide 

Kr-85 

Inventory (Ci, I Slug Release 
Slug) Equivalents Fraction 

0.68 2 1 

Curies Released 

1.35 
Xe-133 54.45 2 1 108.90 
Total Noble Gases 55.13 110.25 
I-129 1.67E-06 2 0.8 2.67E-06 
l-l 31 24.30 2 0.8 38.88 
l-133 54.45 2 0.8 87.12 

) Total Iodines 78.75 1 126.00 1 
Ba-140 52.80 0.0114 0.60 
Ce-144 50.02 0.0114 5.70E-01 
cs-137 5.25 0.0114 5.99E-02 
La-l 40 52.80 0.0114 6.02E-01 
N b-95 53.60 0.0114 6.11 E-01 
Ru-103 24.30 0.0114 2.77E-01 
Ru-106 2.97 0.0114 3.39E-02 
Sr-89 40.20 0.0114 4.58E-01 
Sr-90 5.68 0.0114 6.47E-02 
Zr-95 
U-235 
U-238 

53.60 0.0114 6.11E-01 
1.79E-05 0.0114 2.04E-07 
3.88E-04 0.0114 4.42E-06 

U-234 
Pu 
Total Particulates 

3.88E-04 0.0114 4.42E-06 
6.13E-02 0.0114 6.99E-04 

341.29 3.89 

NOTES: 

(1) “One element ruptured on October 12 and caused the loss of an insignificant amount of 
fission products to the exhaust stream. The helium system probes, stack air activity and exit filter 
activity instrument systems responded promptly, facilitating the detection and location of the 
ruptured element.” 

(Reactor Operations Monthly Report, October 1955) 

(2) 1 O/l 2/55 0925 North Probe 500 mR/hr. 
1056 Reactor shut down 

(Reactor Operations Logbook) 



Rupture Number 21 

(1) 

(2) 

(3) 

(4) 

The probe measurement was used to estimate that 7 Ci of particulates were emitted from 
the stack (section 4.3, Part II). 
Since the particulate inventory of this slug was 330 Ci the release fraction is 7 Ci / 
330 Ci = 0.021. The specific particulate radionuclide releases are partioned by this 
release fraction. 
The assumed particulate release fraction from one slug is .Ol and since the particulate 
release fraction was slightly more than would be expected from two slugs, it was 
assumed in estimating the noble gas and radioiodine releases that there were 3 slug 
equivalents. 
For the noble gases, 100% and for the radioiodines, 80% of the inventory of 3 slug 
equivalents is assumed to have been released from the stack. The Table below presents 
the release information. 
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NOTES: 

(1) “On May 1, 1956, evidence of fission product contamination of the exhaust air was 
detected and the reactor was shut down. A fuel element in Channel A-13-South was 
indicated by the helium system as likely to be the ruptured element and was discharged. 
From the amount of contamination of the handling rods it was proved that this element 
had ruptured.” 

(Reactor Operations Monthly Report, May 1956) 

(2) 5/l I56 0143 Probe 400 mR/hr. 
Slow shut down started 

2235 Probe read 900 mR/hr. after shut down 

(Reactor Operations Logbook) 



Rupture Number 22 

* Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) For rupture 22, the situation is complicated. In Phillips’ analyses, shown in section 4.2, a 
value of 60 Ci at 2.5 hours is given, which must be increased to 120 Ci for the immediate 
post-release. Based on the generic approach, that would suggest about 33 slugs were 
involved. This is difficult to understand since only 5 slugs were missing in the canal. The 
more reasonable expectation was that the release fraction from the fuel slugs was 
greater than the assumed 10% based on the Oak Ridge studies. If 75% of the 5 slugs 
had been oxidized and released from the fuel element, about 130 Ci would have been 
released from the stack. For this analysis, an assumption is used of 5 slugs lost, and the 
particulate release fraction from a slug is 75%. 

(2) For the noble gases, 1 OO%, and, for the radioiodines, 80% of the inventory in 5 slugs is 
assumed to have been released’to the stack. For the particulates, 75% of the 
particulates are assumed to have been released from the fuel cartridge and 7.5% 
released to the stack. For this rupture, the particulate inventory in 1 slug is multiplied by 
0.38. The Table below presents the release information. 

j Release I Curies F 

54.45 1 5 1 0.8 I 217.80 1 
78.75 1 315.00 

I n9o I -n nr 



NOTES: 

(1) “On May 2, 1956, Fission product contamination of the reactor exhaust cooling gas 
stream was again detected and the reactor was shut down. Unfortunately the helium 
system failed to indicate a definite suspect and it became necessary to make a “tape” run 
at 1 Mw for 15 minutes. Subsequent probing of channels in the area indicated by the 
“tape” run showed the fuel element in Channel B-2-5-South as the ruptured element. The 
rupture had progressed far enough to require more than usual force to be applied in order 
to discharge the element. Even though the shutdown following the detection of the 
rupture was made quickly, atmospheric conditions resulted in a small amount of fission 
product particles being deposited north of the reactor site.” 

(Reactor Operations Monthly Report, May 1956) 

(2) “The meteorology Group records for the above time period that indicate that effluent from 
the Reactor should have passed directly over the north gate, across the northwest site 
boundary, and just south of the intersection of Smith’s Road and Route 25.” 

“I think it would be most interesting to determine whether material from the Reactor slug 
rupture did reach the ground anywhere along this path because we have an unusual set 
of conditions to deal with. The wind direction was 130 degrees with a speed of 8 m.p.s. 
The temperature records show a lapse condition (-0.7 degrees Celsius) between 410 and 
130 feet, and a very slight inversion (+0.2 degrees Celsius) between 150 an 37 feet 
above ground. I would normally expect that this very weak inversion layer would prevent 
small particulates from reaching the ground within any reasonable distance, but in this 
particular case, we know that light rain was occurring, and it is quite probable that some 
of the material was subsequently washed away by approximately 0.2 inches of rain. 

As shown on the attached map, I would suggest a careful survey of the north gate, the 
indicated section of the northwest site boundary, the road running northeast from Smith’s 
Road to Route 25, Smith’s Road and Route 25 itself. 

If I am not mistaken, this is the first rupture we have ever had that was accompanied by 
the light rainfall. As you know, it is my belief that the rain acts as a very affective 
scrubbing mechanism even at low levels, and a careful survey of this region should 
reveal the validity of the contention.” 

(Memo Smith to Gemmell, May 3, 1956) 

(3) “The rupture of a fuel element early in the month led to the release of considerable 
activity from the stack. As a result of precipitation at the time, measurable activity was 
found in a narrow sector to the northwest. Local spots of surface contamination were 
detected with geiger counters well to the north of route 25. An attempt is being made to 
estimate the amount of activity release by assaying the activity deposited on the stack 
dust sampler.” 

(Health Physics and Safety Summary, May 1956) 
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(4) “An attempt is being made to determine the particle size of radioactive material found on 
dead vegetation as a result of fall-out from the 22nd. Rupture occurring in the BNL 
Reactor on May 2nd. It was discovered that the active particles (if entirely particulate and 
not molecular) are greatly exceeded in number by the inactive particles, and it is almost 
impossible to distinguish between them in the microscope. The problem evolved into one 
of removing the particulate material from the dead vegetation using ultrasonic methods 
then separation of the particles by settling in an alcohol column. Since the particles are 
not spherical, Stokes Law is only crudely applicable. The problem appears to be 
enlarged by the wide spectrum of densities observed. Results of this problem are 
expected to be only approximate and await analysis of samples withdrawn from 12 
positions on the alcohol column. 

An attempt is also being made to determine the quantity of particulate activity released 
from the reactor stack as a result of the same rupture. Approximately 5 x IO” of the 
exhaustair is sampled and it is assumed that the same fraction of the particulate activity 
was collected on the filter paper. Several methods are being tested utilizing Soxhlet 
extraction techniques to remove the fission products from the filter paper and putting 
them into solution. An aliquot may then be taken from this known volume and the total 
activity collected by the filter paper determines, then the total activity released by the 
reactor stack may be approximated.” 

(Memo Phillips to Gemmell, June 6, 1956) 

(5) “A process has been developed to estimate the quantity of particulate activity released 
from the reactor stack as a result of fuel element ruptures. The process consists of a 
series of HNOB extractions from Hollingsworth Voss filter media. 

Rupture no 22, which occurred 5/2/56, has been partially evaluated using the above 
mentioned extraction process. Approximately 5 x IO” of the exhaust air was sampled 
and it is assumed that the same fraction of the particulate activity was collected on the 
filter paper. The assay indicates that the remaining activity which exists today, after 115 
days decay, amounts to 2.5 curies. Decay studies indicates that the activity levels 
remaining 4 % days after release from the stack amounted to approximately 10 curies. 
Insufficient decay data was collected to be able to estimate the number of curies released 
at any earlier date.” 

“An alcohol settling column was used to determine the particle size of dusts removed 
from contaminated leaves. The radioactivity found on the dead vegetation was a result of 
fallout from the rupture which occurred in the BNL reactor on May 2. The data from the 
settling column indicated the following results: 

1) 

2) 

3) 

The particles (both active and inactive) removed from the leaves ranged 
from 0.5 to 4.5 microns in diameter 
The greatest percentage of the particles were about one micron in 
diameter, and less than three percent were greater than two microns in 
diameter 
The greatest percentage of activity removed from the leaves was 
associated with particles of 1 to 2 microns in diameter.” 

(Memo Phillips to Gemmell, August 31, 1956)) 

(6) 512156 2035 Probe reading 2000 mR/hr 2 feet down on the 
handle 
2040 Reactor shutdown 

(Reactor Operations Logbook) 
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Rupture Number 23 

Class Generic 

Rupture Date 1 O/l 9/56 

Rupture Time 0100 

Channel Number S A-3-4 

Discharge Day 2255 

Charge Day 1783 

Number of Days in Reactor 

Average Power Level Over Period in Reactor and Total MWD 

472 

20.58 MW; 9714 MWD 

Probe Measurement 625 mR/hr 

Derived Slug Equivalent 2 

Wind Speed at the Ground 6.8 m/s 

Wind Direction (towards) SSWISW 

I Calculated Distance to Maximum I-131 Deposition I Activity 2.25* km / 4.8E+03 Bq/m’ 

* Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) The probe measurement was used to estimate that 4.9 Ci of particulates were emitted 
from the stack (section 4.3, Part II). 

(2) Since the particulate inventory of this slug was 316 Ci the release fraction is 4.9 Ci / 
316 Ci = 0.016. The specific particulate radionuclide releases are par-boned by this 
release fraction. 

(3) The assumed particulate release fraction from one slug is .Ol and since the particulate 
release fraction was slightly more than would be expected from one slug, it was assumed 
in estimating the noble gas and radioiodine releases that there were 2 slug equivalents. 

(4) For the noble gases, 100% and for the radioiodines, 80% of the inventory of 2 slug 
equivalents is assumed to have been released from the stack. The Table below presents 
the release information. 
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Radionuclide 

Kr-85 
Xe-133 
Total Noble Gases 
l-129 
l-l 31 

Inventory (Ci, I Slug Release Curies Released 
Slug) 1 Equivalents Fraction 

1.92E-01 2 1 3.84E-01 
54.45 2 1 108.90 
54.64 109.28 

4.19E-07 2 0.8 6.71 E-07 
24.30 2 0.8 3.89E+Ol 

NOTES: 

(1) “On Ott 19, the pile was shut down at 0635 due to a fuel element rupture.” 

“The first indication of the rupture on October 19 was evidenced by radioactive 
contamination of the air in both exhaust cooling air ducts. 

The fuel element in SA-3-4 was determined to be the rupture and contamination in both 
ducts was caused apparently by the fuel element in the south half of the channel. This 
was due to the fact that the fuel element protruded about 1 % inches into the north half of 
the channel.” 

(Reactor Operations Monthly Report, October 1956) 

(2) 1 O/l 9156 0130 North Probe 100 mR/hr. 
0455 Slow Reactor shut down 
0535 Probe 625 mWhr. 
0630 Reactor shut down 

(Reactor Operations Logbook) 
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Rupture Number 24 

( Class I Generic 

Rupture Date 

Rupture Time 
Channel Number 

Discharge Day 

Charge Day 

11 /I 4/56 

2000 

S A-l -1 

2281 

1910 

Number of Days in Reactor 371 

Average Power Level Over Period in Reactor on Total MW 20.56 MW; 7,628 MWD 

Probe Measurement 450 mR/hr 

Derived Slug Equivalent 2 

Wind Speed at the Ground 4.7 m/s 

Wind Direction (towards) ENE 

Calculated Distance to Maximum l-131 Deposition I Activity 3.5* km / 7.5E+04 BqlmL 

* Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) The probe measurement was used to estimate that 3.5 Ci of particulates were emitted 
from the stack (section 4.3, Part II). 

(2) Since the particulate inventory of this slug was 310 Ci the release fraction is 3.5 Ci / 
310 Ci = 0.0113. The specific particulate radionuclide releases are par-boned by this 
release fraction. 

(3) The assumed particulate release fraction from one slug is .Ol and since the particulate 
release fraction was slightly more than would be expected from one slug, it was assumed 
in estimating the noble gas and radioiodine releases that there were 2 slug equivalents. 

(4) For the noble gases, 100% and for the radioiodines, 80% of the inventory of 2 slug 
equivalents is assumed to have been released from the stack. The Table below presents 
the release information. 
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NOTES: 

(1) “The first indication that a ruptured fuel element existed in the reactor was evidenced by 
radioactive contamination of the south exhaust cooling air duct on November 14, 1956. 
The fuel element in SA-1-1 was determined to be the rupture and was discharged to the 
canal.” 

(Reactor Operations Monthly Report, November 1956) 

(2) “Fuel Element Ruoture 

The reactor was shut down when a sharp increase in activity was 
noted in the cooling air. The only cartridge showing a leak was 
discharged although a probe of that channel showed very little loose 
activity. The reactor was stared with no further difficulty. This was 
the “cleanest” rupture shutdown in memory. It is believed that the 
rupture was a small hole letting out gas and that the reactor was 
shutdown before a serious break developed.” 

(Memo, Boutelle to Gemmell, December IO, 1956) 

(3) 1 l/14/56 2055 South Probe 450 mR/hr. 
2105 Reactor shut down 

(Reactor Operations Logbook) 
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Rupture Number 25 

Class Non-generic 

Rupture Date 1 /I 5157 

Rupture Time 

Channel Number 

1250 

S A-3-3 

Discharge Day 2343 

Charge Day 1710 

Number of Days in Reactor 633 

Average Power Level Over Period in Reactor and Total MWD 

Probe Measurement 

20.44 MW; 12,939 MWD 

Not available 
L 

Derived Slug Equivalent 4 

Wind Speed at the Ground 2.3 m/s 

Wind Direction (towards) swissw 

Calculated Distance to Maximum l-131 Deposition I Activity 2.25* km / 2.2E+04 Bq/m’ 

* Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) 

(2) 

As indicated in section 4.2 L. Phillips estimated 7.2 curies of particulates were released 
from the stack as of 2.5 hours after release. In section 4.4, it was shown that this value 
should be increased to 14.4 curies to estimate the release at the time of the rupture. A 
14.4 curie release of particulates would be consistent with a rupture of 4 slugs. This 
approach is used in this report. 
For the noble gases, 1 OO%, and, for the radioiodines, 80% of the inventory in 4 slugs is 

assumed to have been released to the stack. For the particulates 1% of the inventory of 
4 slugs is assumed to have been released to the stack. For this rupture the particulate 
inventory in 1 slug is multiplied by 0.04. The Table below presents the release 
information. 
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NOTES: 

(1) “Fuel Element Ruoture (S-A-3-3) 

On January 15, 1957, operations were normal until a rise of 35% in the stack air activity 
was noted at 1250 indicating gaseous radioactive contamination of the exhaust cooling 
air. Probe readings in both ducts showed no increase. Inspection of a particulate activity 
recorder upstream of the filters showed no increase. At 1258 the pile was shut down by 
pressing the manual Trip No. 1 button. A few seconds before the pile was shut down the 
exit air filter monitor and the south probe reading increased approximately 60%, 
indicating radioactive particulate contamination of the exhaust cooling air from the south 
half of the pile. While the necessary rigging was being done, a recheck was made of 
several fuel elements which had previously been detected as leakers by means of the 
Helium Leak Detection System. One showed greatly increased leak rate and when the 
shield was opened a red glow was observed in the channel. The element was 
discharged to the canal and the pile started up with normal operation being reached by 
0715 on January.” 

(Reactor Operations Monthly Report, January 1957) 

(2) “Studies of the activity detected by the Health Physics stack monitor 
at the pile during the recent fuel element rupture indicate that the 
amount of particulate activity released, as of one-half hour after the 
incident, was about 25 curies. A memorandum is being prepared 
giving detailed results and techniques in connection with the 
evaluation of the data obtained from the stack monitor.” 

(Health Physics and Safety Summary, January 1957) 

(3) “At 1300 on January 151957 cartridge number 32 x 72 ruptured in 
channel SA-3-3. This fuel element was of the old type located in the inner ring of the 

normal fuel zone, a position at approximately 350 O fin temperature. A rapid temperature 
cycle during an unscheduled shutdown on January 14 is considered the primary cause of 
this, the 25th rupture. 

As a result of this rupture, a significant quantity of radioactive particulate was introduced 
into the pile cooling effluent. This effluent is filtered by the primary air outlet filters. 
These “glastex” filters are composed of a woven glass fiber cloth which is claimed to be 
more than 95% efficient forremoval of all particles down to 51.1 and 25 to 30% efficient 
for smaller particles. These efficiencies have been partly substantiated by particles size 
studies made under normal; operating conditions and of “wash out” after rupture number 
22. 

(Progress Report, Phillips to Gemmell, June and August 1956) 

IIA-61 



(4) (4) 

Nitric acid extractions of filter paper samples collected during the rupture were made on 
January 18th. The analysis of these extractions and the application of the ratio between 
sampling and effluent flow rates made possible the determination of the number of curies 
existing in the environment at the time if the extraction. This information, plus decay data 
obtained from the rupture sample, determines the number of curies existing in the 
environment at any time after its release from the stack.” 
(Memo Phillips to Cowan, March 25, 1957) 

l/15/57 1258 South Probe increased by 18 mR/hr. 

(Reactor Operations Logbook) (Reactor Operations Logbook) 

Nitric acid extractions of filter paper samples collected during the rupture were made on 
January 18th. The analysis of these extractions and the application of the ratio between 
sampling and effluent flow rates made possible the determination of the number of curies 
existing in the environment at the time if the extraction. This information, plus decay data 
obtained from the rupture sample, determines the number of curies existing in the 
environment at any time after its release from the stack.” 
(Memo Phillips to Cowan, March 25, 1957) 

l/15/57 1258 South Probe increased by 18 mR/hr. 

After filtration, a small fraction of the effluent is sampled approximately iso-kinetically at After filtration, a small fraction of the effluent is sampled approximately iso-kinetically at 
the base of the stack by a continuous dust monitor. The dust is collected on a moving the base of the stack by a continuous dust monitor. The dust is collected on a moving 
Hollingsworth and Vose type H-70 filter paper strip with a collection efficiency greater Hollingsworth and Vose type H-70 filter paper strip with a collection efficiency greater 
than 98% for 0.241~ diameter particles. About ten minutes after collection this filter strip than 98% for 0.241~ diameter particles. About ten minutes after collection this filter strip 
moves past an anthracene scintillation counter. This monitor cannot be easily calibrated moves past an anthracene scintillation counter. This monitor cannot be easily calibrated 
in terms of activity per unit volume of effluent without a large expenditure of equipment in terms of activity per unit volume of effluent without a large expenditure of equipment 
and time because of the problems of very high initial activity levels and “breakthrough”, and time because of the problems of very high initial activity levels and “breakthrough”, 
namely spurious counts due to radiation from the freshly collected fission products namely spurious counts due to radiation from the freshly collected fission products 
penetrating the shield surrounding the crystal. A series of nitric acid extractions of filter penetrating the shield surrounding the crystal. A series of nitric acid extractions of filter 
paper samples gives a simple solution to the problem without deviating from the present paper samples gives a simple solution to the problem without deviating from the present 
sampling methods. sampling methods. 
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Rupture Number 27 
r 

Class Generic 
Rupture Date 7123157 
Rupture Time 0200 
Wet Storage Tube Number 1058 

Channel Number N D-10-3 

Discharge Day 2532 

Charge Day 3 

Number of Days in Reactor 2529 

Average Power Level Over Period in Reactor and Total MWD 18.58 MW, 46,989 MWD 

Probe Measurement 

Derived Slug Equivalent 
100 mFUhr 

1 

Wind Speed at the Ground 

Wind Direction (towards) 

Calculated Distance to Maximum l-131 Deposition /Activity 

1.8 m/s 

SISSWISSE 

27A: 3.9 km / 1.9E+03 
Bqim2 
27B: 3.9 km / 9.5E+03 
Bq/m2 
27C: 3.4 km / 7.2E+03 

(1) 

(2) 

(3) 

(4) 

The probe measurement was used to estimate that 0.78 Ci of particulates were emitted 
from the stack (section 4.3, Part II). 
Since the particulate inventory of this slug was 345 Ci the release fraction is 0.78 Ci / 
345 Ci = 0.0023. The specific particulate radionuclide releases are partioned by this 
release fraction. 
The assumed particulate release fraction from one slug is .Ol and since the particulate 
release fraction was less than would be expected from one slug, it was assumed in 
estimating the noble gas and radioiodine releases that there was 1 slug equivalent. 
For the noble gases, 100% and for the radioiodines, 80% of the inventory of 1 slug 
equivalent is assumed to have been released from the stack. The Table below presents 
the release information. 

IIA-66 



1 Radionuclide 1 Inventory 1 Release 1 Curies Released 

NOTES: 

(1) “During the morning of July 23,j957 (0200 hours) the presence of slightly higher than normal 
amounts of radioactivity in the exhaust air system was indicated by the filter monitors...Despite 
the rather meager information that a fuel element had ruptured, the fact that several elements 
indicated high He leak rates led to the decision to shut the reactor down.. .The handling tool 
contamination increased by a factor of twenty when the element in channel ND-l O-3 was 
removed, indicating that it had ruptured.” 

(Reactor Operations Monthly Report, July 1957) 

(2) 7/23/57 0200 North Probe from 38 to 58 mR/hr. 
0230 North Probe 58 mR/hr. 
0540 North Probe 100 mR/hr. 
0550 Slow shut down of the Reactor 

(Reactor Operations Logbook) 
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Rapture Number 28 

* Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) 

(2) 

(3) 

(4) 

The probe measurement was used to estimate that 6.2 Ci of particulates were emitted 
from the stack (section 4.3, Part II). 
Since the particulate inventory of this slug was 333 Ci the release fraction is 6.2 Ci / 
333 Ci = 0.0186. The specific particulate radionuclide releases are partioned by this 
release fraction. 
The assumed particulate release fraction from one slug is .Ol and since the particulate 
release fraction was nearly twice that expected from one slug, it was assumed in 
estimating the noble gas and radioiodine releases that there were 2 slug equivalents. 
For the noble gases, 100% and for the radioiodines, 80% of the inventory of 2 slug 
equivalents is assumed to have been released from the stack. The Table below presents 
the release information. 
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Kr-85 
Xe-133 
Total Noble Gases 
l-129 
l-l 31 
l-l 33 34.43 z 
Total Iodines 78.75 
Ba-140 52.80 
Ce-144 46.84 
cs-137 3.11 
La-140 52.80 
Nb-95 53.60 
Ru-103 
Ru-106 
Sr-89 
Sr-90 
Zr-95 
U-235 
‘U-238 
U-234 
PI1 

24.30 
2.67 

40.20 
3.36 

53.60 
1.79E-05 
3.88E-04 
3.88E-04 

. - I 

Total Particulates 333.35 1 I 

3 
1 
2 
4 
3 
1 
1 
1 
1 
I 
! 
I 
I * 
I 

7E-02 
8E-01 
5E-02 

I 
r 

i 
i 

NOTE& 

(1) “Following the reloading operation, the reactor ran routinely for approximately four days 
when it was shut down due to evidence of fission products in the exhaust gas stream. 
Since the background activity was increasing slowly, a routine, 2 O Celsius per minute, 
shutdown was carried out., As indicated by the Helium System, the offending element 
was found to be SB-6-5. Although this element was in the inner region of normal fuel 
elements, thermocouples in this region indicated temperatures well below operating limit.” 

(Reactor Operations Monthly Report, 9/20-l O/30 1957) 

(2) 1 o/3/57 0044 Probe 20 mWhr. 
1115 Probe 800 mR/hr. 
1152 Reactor shut down 

(Reactor Operations Logbook) 
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Rupture Number 29 

Class Not Applicable 
Rupture Date 10128/57 

Rupture Time 1400 

Channel Number D-0-8 
Discharge Day 

Charge Day 

IO/28 

9129 

Number of Days in Reactor 

Average Power Level Over Period in Reactor 

30 

13.8 MW, 414 MWD 
1 Probe Measurement 

Derived Slug Equivalent 

1 >2000 mR/hr 
I 

1 0.17 
- _ 

Wind Speed at the Ground 
I 

1 5.4 m/s 

HA-70 

Wind Direction (towards) 

Calculated Distance to Maximum l-131 Deposition I Activity 

ESE 
3.0* km / 5.8E+02 Bq/m’ 

1 1 I 

* Predicted maximum deposition was on the Laboratory site, value given is at the site boundary. 

(1) 

(2) 

This was the rupture of a U308 sample. 
Rupture 29 was not a fuel-slug rupture, but that of a 225 gram sample of uranium oxide, 
U308. To enable a comparison with a slug rupture, the uranium content of the sample is 
required, i.e., there are 209 grams of uranium in 225 grams of U308. Two hundred and 
nine grams is about 17% of the amount of uranium in a slug which contains 1 ,I 75 grams 
of uranium. The Reactor Operations Log for October 1957 noted “...that all of its 
approximately 225 grams of U308 had been lost.” If a release fraction of 1 is used for this 
rupture, and a 10% release through the filter about 2.7 Ci would have been released. 
Using the generic approach based on rupture 21, a probe reading of 400 mR/hr would 
have been expected. Since the Operations Logbook indicated a probe reading of greater 
than 2 R (2,000 mR/hr), this would have suggested a release of about 15 Ci of 
particulates. Since this rupture consisted of a complete release of the sample, the iodine 
release would have been greater than that used in the generic approach. Even with this 
relatively small addition to the probe reading, the overall result is that the generic 
approach is apparently overestimating the release by about a factor of 5, which seems 
quite appropriate for an approach, based on such little information and with such large 
uncertainties. 
For the noble gases, 1 00%, and, for the radioiodines, 100% of the inventory in this 
sample is assumed to have been released to the stack. For the particulates, 10% of the 
sample inventory is assumed to be released to the stack. For this rupture, the particulate 
inventory is multiplied by 0.1. The Table below presents the release information. 



) Radionuclide I Inventory I SII Kl I Release I cur *ies 1 
(Ci, 1 SlGg) Eqhaients Fraction Released 

Kr-85 1.27E-02 0.17 1 2.16E-03 
Xe-133 53.38 0.17 1 9.07 
Total Noble Gases 53.39 9.08 
l-129 2.66E-08 0.17 1 4.!YE-OS 
l-l 31 22.46 0.17 1 3.82 
l-l 33 54.45 0.17 1 9.26 

1.31 E+Ol Total iodines 76.91 
Ba-140 42.35 0.17 0.1 7.20E-1 
Ce-144 3.51 0.17 0.1 5.97E-2 
cs-137 8.87E-02 0.17 0.1 1.51 E-3 
La-140 52.80 0.17 0.1 8.98E-1 
Nb-95 24.18 0.17 0.1 4.11 E-l 
Ru-103 9.97 0.17 0.1 1.70E-01 
Ru-106 0.17 0.17 0.1 2.881=-2 

NOTES: 

(1) “The Presence of fission products in the exhaust gas system was noted during the Day 
Shift on October 28. Although the indications were similar to those of a ruptured fuel 
element, a quickly conducted investigation of the U308 slug being irradiated for the Hot 
Lab’s iodine production program, proved that it had ruptured. This slug was promptly 
pulled into the shield where it remained for the remainder of the operating period. When 
later removed from the shield, it was noted that all of its approximately 225 grams of U308 
had been lost.” 

(Reactor Operations Monthly Report, 9/20-l O/31 1957) 

(2) 1 O/28/57 1446 North probe reading >2000 mR/hr 

(Reactor Operations Logbook) 
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APPENDIX II-B 

OAK RIDGE X-10 SOURCE-TERM ESTIMATES 
CHEMdlSK (1993) APPENDIX E 
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VOLUME II - PART A 
DOSE RECONSTRUCTION FEASIBILITY STUDY 

TASKS 1 & 2 
A summary of Historical Activities 

On the Oak Ridge peservation with Emphasis on Information 
Concerning Off-Site Emission of Hazardous Material 

Prepared by 
ChemRisk 

A Division of Mclaren/Hart 
for the 

Tennessee Department of Health and the 
Oak Ridge ,Health Agreement Steering Panel 
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Estimates of qrrrntitics of radionuclides Wased to the air or rmilabk for rekasc as a mult of 
historicA x-so opctations have been prepared for t& following areas: 

l Radioactive IAtaaqm (R&&i) &oxs&g 

l norex I?fweeg of Short-My Jmdiated Ilmium 
l chsrnical Separation~of PluW from Cliuton Pile FWl 
l Gmphii Raxtor Fu&l Slug Ruptures 
l Argon-41 from Grap& Reactor Cooling Air 
l Tritium fkom Isotope F9occssing Program 

Each of these ams is discussed in this section, and &mated peak annual release qmtitks, 
emission rates, and predicted air concc~~tions for 18 radionuclides that have beta assmbkd 
to support tb screening process arc *ntal in Tabie 5-l. 

The quantities of radionuclides that w&e availabk for release from ORNL processiq of mctor 
fbel for scpznttipn of radioactive lantbmm~procussisg)wcfcestimatiboscdontbl?RaIm 
productioninfamnrtionsummvittd~tbgT~1&2rrporturdsomeassumptio?rsmd~~e 
calculations. Table 2-7 in rht Ta& la 2 xeport pescnts data concerning the ORNL R&a runs, 
idading run dates, numbcts of fuel +ugs prmcsscd, a&s of brium d&oh&, curies (Ci) of 
barium shipped, and yield of the scparatiou process. Compkte information in a*\ of these areas 
is not curtedy l vaiiabk for erch ti run. In order to 8uppm the screening process, values 
for missing data were estimated Gal on the following relationships, which have been 
cm based on the consickrabk data that are avaikbk: 

w curies di3soivcd per slug 
B curies sbippcd per dug 

recovery efficiw (Ci shipped + Ci dissolved) 

Values of these relationships were used to estimate the numbers of slugs pmcesscd andior curies 
dissolved for RaLa tuns for which such Bata have not yet been located. An average value of 
one of the above relationships, cak&cd over a period near in time and similar in Mturc of 
oper8tions to each run with missii data, was used to fiit in missii va!ucs. This simii of 
operations is important because the cu+ content of the slugs used in RaLA process* bmxcascd 
signifiantIy as q&y sbiftcd firm ORNL 8rpphitt motor slugs to four-inch Hanford slugs and 
later i&u&d eight-inch Hanfor3 slugs. . 



Number of Slugs hocesse 
curies of Barium J&solved: 
Curies of Barium Shipped; 

The quantities of barium shipped were measured near the time of final sqalation of lan&lum, 
and therefore do not inchrde a signifkant contkiition from lanhmun-140. . 

The amounts of the selected fission products that wuc avaiiablc in each graphite reztor slug 
used for RaLa processing in 1947 were estimated based on a neutron flux of f x IQ2 
ocutrons/cm2-~, an irradiation period of 40 days, and a cooling period of 1 day after rcmwai 
from the reactor. The fission product content of each slug was estimated using the following 
equation: 

Ai= 
1 x 10” zlkmhec = 

577xlP = 
N = 

yield, = 
xl = 

w 
:I 

2 703 x lO** G/atom-set . = 

pctivity of radionuclidc i h erch fuel siug (Ci) 
xuximum graphite r#ctDr flux 
fission cross section for manium-235 
number of U-235 atoms @r slug 
fission yield of radionucIide i for uranium-235 
decay constant of radionuclide i (se&) 
irradiation time in reactor (set) 
cooling time after rsmoval fmm reactor (set) 
conversion fhm mms/scc to curies 

A cross section is a probability that a certain reaction wiil occur between a nucleus and an 
i&dent particle or photon; in this case, the probabiIity that an incident neutron will cause a 
U-235 atom to fission. The radioactivity content of each slug was multiplied times an cstimatcil 
9300 slugs processed in 1947 to estimate the total mdiormclii invatoty in pmcessed fUcI for 
that year. 

R&ase fractions were applied to mdiomclidc inventories to estimate qua&tics released. The 
following release fractions were used: 

l Noble Gases 100% 
l IOdilE 
l Particulatcs (i.e., othc& 

The noble gas rclczsc fraction of 100% is based on the nonreactive nature of xcnow&hypton. 
‘he r&se fraction for iodine is based on ax~lyses of iodine r&w fractions at the Hanford 
plant performed as part of the Hanford dose reconstruction project. The release fraction for 



particul8te radionuclidcs is Based on measur& particulate CmisslOns fkom ItaLa proces&g at the 
Idaho Chemical kocessii Plant during 1957 compared to tlx f&mated radionuclide inventories 
inthcmaterials~rrrctor~~~)fuelusedasthbrriura~athatplaat. 

The plutoniurr content of the graphite reactcr slugs in S47 was estimat&,based on a plutonium 
fition rate of 36.5 micrograms per kilowatt-hour of reactor exposure obtained from graphite 
reactor operations reports. The f=Fon rate corresponding to the neutron flux stated earlier was 
convatcd to a rotor exposure over 40 days (in kilowatt-hours) and multiplied times the 36.5 
microgrrua PuIkW-hr value to yield the micrograms of plutonium formed per slug over 40 days 
of exposure. 
equivalet~. 

A specifE activity value of 0.0613 C!i/g was used to convert that mass to its curie 
A release fraction of 0.1% was applied to estimste plutonium emissions. 

Uranhm emissions were cstirnatcxi based on 2.6 pounds cif natural uranium per slug, an isotopic 
composition of 99.276% uranium-238 and C.7195 u-anium-235, and specific activity values of 
3.3 x lO-’ Ci!g for ~rsGum-23g and 2.14 x IO4 Ci/g for uranhun-233. A release fraction of 
0.1% was applied to the quantities of the uranium isotopes to estimate releases to the 
amtospbere. Release estimates for 1947 are shown in Table E-l. 

Radionuclide emissions for Oak Ridge RaU processing of Hanford slugs during 1952 were 
tsstimatcd using the same method ad above, with the following differences: 

0 a fission rate of 1.26 x 10” f!issions/sec-slug was calculated based on a power 
level of 2.25 watts/grant 

0 ruetor itradiation time was 80 days 
l coolii time was s &ys 

0 slug mass was 1809 grams 
0 an tzdmated total of 1300 slugs were dissolved 

Release estimates for RaLa processing in 1952 are show in Table E-2. 

Emissions from Thorex ShorWecay Runs 

Quantities of radiinuclidcs available in the processing of short-decayed (20-60 days of decay) 
irradiated thorium that occuned in 1956 and 1957 were estimated based on documented 
cbaracttristics of the material that &as dissolved. Quantities of thorium dissolved in tbc four 
shott-dccay nuts me documented bj, McDuffce*(l953) and McDuffcc and Yarbro (1958). A 
3957 memorandum by W.L. Albrecht documented the activities of pro~tinium-233 (Pa-233) 
and fission products in thorium receiving irradiation of the extent documented for the shortdecsy 
feed material. Data derived from the Albrecbt memo are shown in Table E-3. Pa-233, an 
activation product of thorium-232 and the parent of uranium-233, was by far the mast prominent 
radionuclide present. After 30 days of decay, each kilogram of irradiated thorium metal that 
was processed contairM over 14.000 curies of Pa-233. 

Quantities of Pa-233 and fiiion’ products available for c&h of the 14 dissolving batches of 
Thonx Runs HD-19, SD-l, SD-2; and $D-3. were estimated by multiplying the quantity of 
thorium metal dissolved in each batch by the curie content of each kilogram of metal based on 
the Albrecht data. Reductions were made in the quantities estimated to have been available for 
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TABLE El 

ESTIM.4TlWEMlS!SICWS FROM X-IO R;rtrlWXE+WNG 
OF X-18 SLUGS IN 2347 

I-132 

t-133 8.93x SO+‘ 80% 

2.45 x SO+’ 2.82 x lo” 6.10 x JO” 1.90 x so-0 

9.46 x 10“ f 7.32 x lW” 5.90 x lo” 4.00x 102 

6.42 x lo+’ 

6.98 x IO+’ 

1.76 x SO+’ 

6.80 x IO*’ 

NA = Not Appiicablc 

* vshle is for pluton.ium-239 
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6.41 x lo+’ 

iifiii - T%i?& 

80% 6.67 x lo*‘ 

80% 1.63 x 10” 

80% 3.83 x lO+’ 

80% 3.16 x lcr 

0.1% 4.73 x 10” 

0.1% I 1.32x so+* 

8.34 x lo* i-is; 

1432 

L-133 

I-129 

is7 x w 

A8 x 10*O 

3.39 x IO” I 2.04 x !cP I 3.00 x so’ itI-85 

Kc-133 

zr-% 

43 x 10’3 1.52 x JW 1 6.50 x lU2 

5 . 67 x lo+‘ !.22 x iv7 I 6.NZ 0.1% 1 1.53 x 10.’ 

0.1% 8.87 x lo*’ 

0.1% 2.33 x JO*O 

0.1% 1.29 x 10’J 

0.1% 1.40 x so*0 

0.1% 2.10 x 10+2 

0.1% 3.53 x So*’ 

0.1% 2.26 x IU* 

3.02 x 10* 2.29 x JO7 6.40 x lo2 

3.41 x Jo+‘ 2.03 x IV7 2.90 x 

I . 37 It JO+’ 

6.82 x SO-; 8.87 x 102 

2.33 x SO” 3.18 x JO*’ 2.18x Jo1 i 3.80 x lo2 

4.5s x loa 1.32 x JV’ r 4.a t lb2 

8.74 x JO+’ 7.93 x SiP 5.80 x IV 

I.lJ x lOti 6.27 x SO’ 6.30 x lo” 

1.45 x JO’S 
I 

4.79 x 6.30 x 

162 x lo+a . 

2.71 x lO+’ 

2.26 x IO+’ 7.69 x IO+“* 9.01 x zp NA 

2.24 x IO*“ 3.10 x 10” NA 
I I 

I.74 x IV2 

2.73 x JO’ 

1.42 x JO+: ) 4.87 x 10” 1 NA J-28 

A, - Not, 



f Pa-233 . I x4,m 



bat& m-19-A to account for an kadiation level of 3300 gtams Moss-233 per metric son of 
thoriuminsteadoftbe4000gltviitusthrt~tbe~oftheAlbrechtdntaPrdforadccay 
pcriodof1O9daysinsttadof3O. Rcshaio~~~jmtbCQUYOtitkSestimattdtahvebeen 
availabit for batches HD-19-B and -C to account for irmdiation kvcls of 1910 grams Mass-233 
per metric ton of th4kum &toad Of Qhc 4WO g/t value that was the basii of the Nbrecht data, 

Quantities of t~ranim-233 that were contajned in the dissdvai metal were camted by 
multip:yiug the kilograms of uranium reported to bayc ken dissolved in cacb batch by 9.48, tkc 
number of curies of U-233 per kilogram of U-233. 

Rc!casc fractions of 100% 80% attclO.1 I were applied to noble gases, irdint and particulatcs, 
respectively. Estimated quxuuities of radionuc~s that were released in the course of the 
Thorcx &~Mccay processing of thorium metal arc &own in Table E-4. Available data appear 
to iudicate that calendar year 1957, due to processing of short-decay thorium in the Tborcx pilot 
plant, was the period of peak airbomc emissions of Pa-233 &cm the Oak Ridge Relation. 

Exttisbns from Clkemid SeparRtilm of ??ltttcmium from CKmxn We FM 

Estimates of quantities of plutonium, uranium, a& fission products available in the course of 
early processing of graphite reactor fuel slugs for reco~ry of fissionable plutonium were 
prrpand based 09 m?tcriai proCe%ing WCS. estimated process efficiencica, and rates of 
production of plutonium dnd fmion products in tk natural uranium fuel slugs. 

The chnical processing pilot plant operated full .-ale from January 1944 until production ended 
inJanuary 1945 (3oncs, 1985). ‘ik bismuth phosphate process was used to recover 326.4 grams 
of plutonium (Johnson and !khaffer, 1992). Tk effiiency of separation of plutonium from 
fission products was improved from 40% to 90% (3onts, 1985). Taking the avera& plutonium 
recovery effxciency to k 65% (I.+ midpcuntof 40% aud 90%), the total amount of piutonium 
proctsscd was estimated to have ken 326.4 s 0.65 = 502 gram. Based on a specific &v&y 
of 0.0613 Cig, this corresponds to 30.8 curies of plutonium. 

Given that the pile fast went critical on November 4tt, 1943 ami that chetnical processing 
involved one-third ton of uranium per day by late January 1944 (‘Ibompson, 1963). it appeats 
that decay pcxiods for the slugs processed early in tk campaign could not have been very long. 
A semi-monthly pt=gress report hued in August 1944 indicated that slugs involved in mnt 
dissohings had been approximately 60 days old (kverctt, 1944). A decay period of 30 days 
was sekctcd for tire purposes of scrce&g cakulations. 

T!xc fission rate per ton of uranium prokXSscd was estknatcd baszd on a neutron flux of 5 x lo” 
neuxmxs/c~~*-sec. ‘he radionuclide content of e&t ton of uranium processed. was &mated 
using tbc equation give;: in the beginning r,f +&is appet&x, with that fissian rate substituted for 
tk first three terms on the rig& lundI side. m irradiation tit& of 40 days, and a cooling period 
of 30 days. Tbest quarkties were multiplied times 0.3 ton per day processed times 365 days 
to yield the totals of *ah radionuclidc processed. 
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6.16 I IQ’ 

I.21 I lo- 

I.(I(La IV 

2.76 I IV’ 

2.42 a 10” 

I.l?r 1_01’. 

3.16 I IO” 

2.79 I W’ 

1.14 I lo@ 

).UrlW' 

2.39 a IC’ 

237rw 

I,la_ 8 IQ’ 

2-w a IO”’ 

I.77 a IO+’ 

I.76 I IY’ 

2.24 a lo- 

2.19r IV’ 

2.1Mrwy 

r.nrw 

IA a IV’ 

1.mn1w 

2.14lIQ’ 

0.1% 

I.391 I@’ 1.n a IO- 3.98 a lo- 2.62r lo- M6KIC' 9.16r II’ 2.66 I lo- 3.4sr IV’ 

_I.eaw 1.71 8 II' 4.4sr IO+’ 2.96r IQ’ 135 a lo- 9.738W’ 2.97aW’ 3.69 I IQ’ 

0.1% O.IU 0.1% 0.1% rn% 106% 0.1% IdM 

1.39 a IV’ I.39 a lo@’ 3.96 a II’ 2.63 I IV’ 1.17 x lo- 9.16 B IO” 2&l I lo” 3.43 I lo”’ 
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lIEaIlmatofaIrmilm 
219;OM pounds. 

a~bk~wcimrtedtok:O~3toclsgadrytiroer~~~,or’ 
This amount of aatuml uranium was estimated to be 0.71% U-235 axi 99.28% 

U-238 by we@, yielding totals of 1.5 ud 210 a~!! of -235 md uranhxn-238 
l vailabk, rcspeuively. 

R&as frpctions 0f lOO%, 80%. rad 0.1% w#lt tppliad to invuu0rks of n&k gases, i6di. 
d parblates rvaikhk, respaxively, to estimate qudtks rckased w #E atmoqhe& 
Wisnated qulntities of radiondi&s that were rckmd in tk course of pilot pl8nt cktnid 
scparati0n of plutonium arc shown in Table ES. AWabk data appear to in&ate that cafcadat 
year 1944, due to processing of gfaphile rcastor f&S for cknical squation of pluronium, was 
the period of peak airbolTs emissions of iodine-129, ccriuln-144, cesium-137. zircotim-95, 
ni0bium-95, ruthenium-103, n&nium-106, str0mium-89, strdum-90, plut0nium, 
utpniua-235,;mduraniwu-238~thtO~Ridge lkucmtion. 

&nissbns from Graphite Reactor F&l Slug Ruptures 

The quadies of tnziniuxn, phrtotium, 8rd fission products r&as& as a result of tupttues of the 
aluminum cans which eIlcISed graphite reactor &cl slugs wcte &mated. The naatrsd uranium 
metal that comprised these slugs oxidized upon contact with air, ad dum oxide part&s and 
liberated fission prcducts in pile exhaust air went unfiltcd from 1944 10 194& Fif@ slug 
napsure f-eats from 1944 through 1948 were &cumcnted by Cagle rod Emkt in 1948. Data 
available concerning tk siugs thnt nqtured it&de position in the ~WBE (row, p0sition ia row, 
rpdinl CoordiMte), date cluugcd m tbc reactor, date ruptured, total age in days, acatuluhted 
kIlowatt-hours of exposure, 8nd tGmpMtlllr ZODC. 

The average neutr9 flux in tbc graphite reactor was rcpoxtcdly S.OXW ncutr0t~~ per cubic 
centime~cr per second, and each fuel dug cont&ed ~xirna~ly 1175 grams of artunl 
lminium nlctal (RUpp Uxl CO%, 1954). With natural urauium being 0.71% U-235 by weight, 
each dug cc~nraina! 2.15 x lp U-234 atoms. Based 0n a U-235 fission cross-section of 577 
bans (S77 x 1P cd), the average gnphite reactor acutr~ flux tcsultcd in 6.2 % W2 fissions 
per ~~onci in each slung. 

The fusion product content Of e8ch slug that mpturcd Was cstimataI bu+l on tbc fission rate 
derived above and the length of the tbc slug had spent in the reactor. Tbc age of each shzg, 
in hours, was estimated by dividh the reported accurnuhti kiiowatthours of reactor exposure 
by 3500 kilowatts, the average reactor power level. ‘he fmion product content of the slug at 
the time of ~pture was then calculated based on the fdon rate, the fission yield of erch fusion 
product nuclidc, and the rates of decay of each ftssion product after it ~1s formed using the 
equation aSloaa earlier in this appendix. All slug tuptus events wm assumed t0 have involved 
single slugs, except for the events of November 30.1947 and August 2!J, 1948, which involved 
13 aud 3 slugs, rcspaxivcly (Chgk UJ Emlet, 1948)). Rqmtts hikate tlut “muchn of the 
rckascd utaniutn oxide fell to ttE w8ax-facd calal below the rc8aor tit a&t (Emiet. 1947; 
Chgle and Emlet, 194g). No &U ot information w8s located to support 8 &8se fr8ction for 
p8rticulates from slug rqures. For the purpo#s of screening caIcutations, 10% of the 
particutate fission product rctivitics present in each slug at the time of rupture were WSWR& to 
be rtluKd when the uranium oxidii based on profcssionrl judgemsnt. R&WCS fractions of 
100% aud 80% were applied 10 t&k gps and iodine invent0rkr, r~peetively. 



I Natdi& 

2.95 x 1v 80% 

= 

2.99x lo- 80% 

1.91 x rw 80% 

6.Slxlo’ BOP 

7.23 x lo+‘ 0.1% 

--t 

2.04 x 10.’ 0.1% 

2.87 x LO+ 100% 

6.96 x 1O’s 

8.14 x 10” 

7.31 x 10’. 

2.36 x low 

2.39 x 1P 

5.36 x lo+” 4.89 x IO-‘ 

2.45 x IO” 

9.46 x 10” 

2.74 x 1v 0.061 6.60 x LO+> 

7.2a, x 10’0 0.059 1.86 x lo*’ 
. 

2.04 x loeo 

2.87 x 10” 2.01, x lo, 0.003 2.62 x IV 

l.sO x 101 0.06s 1.70 x w 
1 1 

1.86 x low 100% 

2 . 22 x lo+’ 0.1% 

2.69 x 10.’ 0.1% . 
1.20 1 lo+” 0.1% 

3.s7 x lo+’ 0.1% 

1 . 83 x IO+” 0.1% 

2 . 17 x 10” 0.1% 

t.34 x 10.’ 0.1% 

4.40 x lo+0 I 0.18 

1.2d x 10’ 0.064 2.02 x lOi’ 

2.23 x IO’ 0.064 2.45 x IO+’ 
. 

5.67 x IO+‘ 

3.02 x lo+‘ 2.69 x fOea 

1.20 x 10’: 

2.17 x IO+” 

1 .S6 x IO+’ 

4.mx Iti 0.063 4S’2 x 10’ 

9.01 x lo- NA i NA 7.69 x lo”‘* 

2.24 I 10.” 

1.42 x IO”’ 2.il 110’ 

NA - Not Appbble 

l VJut is for plutonium-239 



Qwltitks of piutonium avaihbk from the tupbmd slugs were cstbted based on there bcii 
&II wer8gc of 60.5 grams of plutollh present per ton in ur8nium imdii for loQ0 days or 
more @mkt. 1947). This co11#lltntion applied to the mass of uruhium It’berrted fkom ruptured 
slugs yiclaed an estimate of plutoGum available from cacb event. Qua~titics of uranium 
wailabk were estimated based on the number of slugs that ruptur& rab the mass (2.6 pou&) 
and composition of the natural uranium 
contained. 

(O.fi% U-235 & 99.276% U-238) that each slug 

With the multiple-siug ruptures in November, lW.appurs to be the year in which emissions 
ftom tuptwd slugs would have been the greatest. In November lW8, the graphite I#ctor filtet 
house went into operation. While slug ruptures continusd past 1948 (tbnc were 41 in 1956 
(Seagren and Cox. 1957)). emissions of particulate radionuclides were substanMy dccrca& 
by the fiitcrs, and non-filterable cmissior;s do not appear to have approacbcd the magnitude of 
other operations which arc bcii cv8luated in the screening prxcss. 

Estimated quantities of radionuclidc~ that were released from slug wiuns in the graphite 
reactor in 1947 arc shown in Tabk E-6. Available data appear to indicrte that slug ruptures 
were not the post significant aithrnc emission source for my of the identified radionuclidcs. 
Ten of the radionuclidcs included in the assessment of slug rupn~e emissions could be elevated 
to roughly tk magnitude of the current most signScant rirbor~~ emission source of the nucliie 
in question if the particulate rehasc fhctioa we= to kcrcase significantly from tk 10% used 
in the scrakg cakulations. The fDllowing values of pahculate release fraction wuuld be 
required for emissions of the identifii ndionuclidcs from graphite reactor slug ruptures in 1947 
to rival the most significht emissions of that nuclide: 

c&urn-137 
strontiwn-90 
plutorlium 
ruthcniurn-106 
Mium-144 
laiuhrmum-140 
barium-l :I 
zirconium-95 
strontium-89 
niob?m-QS 

IS% 
15% 
26% 
30% 
34% 
50% 
81% 
t9R; 
96% 
100% 

AtAl was crepted by neuuos~ activation of stable ugoa-40 in graphite reactor coo- air. ‘I’Be 
r&a& rate of Ar-41 from the graph&c reactor st8& w= cstitawl to be 470 curks per day 
when the pik was operated at a power hid of 3.6 megclwrtrs (hlorgsn, 1949). The gr8phit.e 
rellc~or operated from November 1943 to Navember 1963, and annual emissions axe ‘t ’ -*u 
10 have voricd signifizantfy froin tk co~sponding annual em&ion of 172,090 curie; 



TABLE SM 

Total IitKmd if3 1947 (ci): 119.62 272.30 4.40x w 209.77 14.23 1.90 269.19 230.37 255.9s 

&!ltm hmim: 80% 80% 80% 10% 10% loo% 100% IO% 10% 

I947 R&m Toed ici): 2.7 x IO+’ 2.5 x lo+‘. 2.6 x IO*’ 
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ESJIMATFZD REWEAS;r,C PROM OAK RlDCR GRAPtRTR RRACI’GR SLUG RWTVRXS 

--M-f--II 
aa4? 1 1.2 I IV' L 4.46 0.14 6.72 Q.09 10.56 10.56 1.79t 1tF 3.88% NY 4.822 w 

NC * ’ 0.5 x 10” 1 4.86 0.56 6SU 0.72 10.56 IO.% 1.79x 10’ 3.66% 104 4.62x l(r 

NC . I 4.86 OS6 8.04 0.71 lO.% 10.56 1.79 x IO' 3.66 x lW 4.82 11 !fP 

rGw4, . . , ! 13 63.2 7.23 lM.56 9.30 137.24 137.24 2.32 II IU 5.05 x IO’ 6.27 II. lo’ 

D&$7 9.2 x IO" 1 4.66 0.55 8.W 0.71 1036 10.S6 1.79x 10s 3.66% tw 4.822w. 

t&47 9.2 x :o+' I 4.86 0.55 8.04 0.70 IO.56 10.56 1.79 x 10s 3.66 x Jo-l 4.62 x Iti -- i I 
kc-47 9.2 a IO+' I 4.66 0.55 6.04 , 0.70 10.56 10.56 1.70x lo’ 3.68x lo’ 4.62x 10” 

Lb47 9.6 x IO” 1 4.w 0.56 6.04 0.73 10.56 IO.56 1.79x 1lP 3.66x 10” 4.62% 10’ 

Tad Jibaxed ia 1917 (Ci): I15.58 12.11 169.35 15.J3 257.66 263.62 4.46% lo’ 9.71 x lo-’ 1.21 x JO’ 

194? R&me Total (Ci): . 
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While airboroe tritium was like& em&t@ to some ex*at fkom ORNL rractor and fuel pzxxessing 
optrations, available data iudiite that the kxt signi&ant source of airborne tritium emissions 
was the handling of tritium that was rc&+d from Savannah River, purified, UK! fepa&aged 
for commercial distriiutiion. Documented quantities of taitium slaipped from ORNL provide 
indication of ,tnnds Of qjwuititicc of tk riuclide that were processed. Accofdiig to Isotope 
Division reports, under 30,ooO. Ci were shipv i each year 1952 through 1958; 1971 shipments 
tocaled~ 220,OCNl Ci; shipmcncs in 1986 toppeu’a million curies; and @meats peaked at 2.4. 
million curies in 1987. 

kporting of airborne tsitium emissions w OIWL ‘began in 1972. 
the reparttd airbomc effluents peaked in 1987. 

Like qxantities shipped, 
Repoti qua&k of tritium shipped annually 

from ORNL and quantizies reported to h&e been released in ORNL airborne effluents are 
depiqcd in Figure E-l. Because the information that has been reviewed does not identify any 
sources of l irbome tritium emissions in tbc 1950s through 1960s that likely approached the 
magnitude of reporred emissions from isotope processing duriug the 1980s. the peak annual 
tritium emission of 44,000 curies reported for 1987 was used for screening calculations. 

REFERENCES 

Bradshaw and Coltrell. 1954. Brad$haw, R.L. and W.D. Cottrell. ‘A Study of the 
Contribution of the RaLa Process to Atmospheric Contanbtion at ORNL.” ORNL Central 
Files E3o. 54-11-85. November 1, 1954. 

Cagle and Emiet, 1948. Caglc, CD., and L.B. Emlet. “Slug Ruptures in the Oak Ridge _ 
National Laboratory Pile.” Qxratioos Division. Report ORNL-1’70. Octabcr X3, 1948. 

hkt. J947. Emlet, L.B. “Ruptured S!ug- Clinton Pile.” ORNL Central Files Number 
4f-12-39X. December 10, 1947. 

McDuffee, 1953. h’kDJfft%, %‘.s. *Tborcx Pilot Plant Rus HD-19 Summary. ” ORNL 
Camal Files No. 574.1. April 30, 1957. 

Mchffec and Yarbm, 1C58, McDuffec. W.T. aad 0.0. Yorbrc;. ‘Thor:x Pilot Plant: 
S&n- Decay Processing Run Smmary , Runs SD- 1.2 and 3.” URN, Ctwal Files No. 58-6-l. 
Jurrc 30. 1958. 



Morgan, 1949. Morgan~ K.Z. ‘Air Conmukatiaa.’ Idtter to Dr. Burt ?&I.&n, Argo= 
National Laboratory. ORNL Central Files Mxnbcr CF 49-11-134. November 9, 1949. 

~YXW et 3L 1946. ~yndcis, S.A., W.A. Rodger, and E.J. Witkowski. ‘Distribution of 
P in Waste irom the FP Procw.” ORNL Report Mont+133. luly 9, 1946. 

Rupp and Cox, 1955. Rump, A.F. and J.A. Cox. 
and the Low-Intensity ,Tcst Reactor - 

Vperatio~ of tie ORNL Graphite Rtactor 
19.54: Report O-1866. September 16, l’955. 

St8gnn and Cox, 1957. Scam H.E. and J.A. Cox. ‘Operation of the ORAL Graphite 
&actor and of the Low-h#msity Test Reactor and Prcopcration Activities at the Research 
Reactor; Anaual Report for 1956.” Operations Division. Repoti O-2286. July 25, 1957. 

.Th0mpson, 1963. Thompson, W .E., Jr. Histcq of the Oak Ridge lv&mui Lcrboraoq 
1943-1963, Firs R&h Dra$. OR!% Central Files No. 63-8-75. August 23, 1%3. 

Yarbro, 1958. Yarbro, 0.0. ‘Activity Fall-out Resulting from Sho~+Dccay Processing.” 
ORNl. Central Fiks No. 58-2-149. Fcbnwy ‘t?, 1958. 



I. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 

Gemmell (January 4, 1952) to Health Physics Surveyors..........llC- 2 
Weiss (February 3, 1954) to File.. .............................................. IIC-3 
Keene (August 2, 1954) to Gemmell.......................................... IIC-5 
Smith (May 1, 1956) to Gemmell ............................................... IIC-6 
Smith (May 3, 1956) to Gemmell ............................................... IIC-7 
Phillips (June 6, 1956) to Gemmell............................................ IIC-9 
Phillips (August 31, 1956) to Gemmell ...................................... IIC-IO 
Phillips (March 25, 1957) to Cowan.. ....................................... .llC-12 

APPENDIX II-C 

SUPPORTING MEMORANDA 

Page 

IIC-1 



MEMORAXDUH 

DA!m JamlaqG,1952 

Tot AJlHeaItIiPbysicsSumyors 

Fall% Lee Gel5lleU 

The3mte airsamp~estakeno~thefkontporch ofT-88andattbeHeaZLt.b 
Physics office wI.ndm in Chemistry on the mne afternoon of the accfdaat, showed 

I no actitity. Theair sampletakenontbef&J.o&g~ &tbefglooArea, 
dowaulndfrcmthePile stack,shouednoact~~%ty. Tuovsterco~~torsuerepla~ 
at the apartrumtarea andtheballdkmond duringthenight. Hoappreciable a&iv%ty 
~733 found. The results from the AreaMollfforZng Stations is not ,oet available, 

II. The use of’Sy Bbckfs Pa-Be source uaa &m33d. Lo- it is a con&& 
wurCi3 of frritstfon. However,itwas itit that we shcndd'coopeTa~8 ubere ever 
possible with ecientists who want it on a short terln basis, Sy will cont%nue to use 
hisgoodj~tas~hortbegtitnsgbeschedulsd~fop~abussofthe 
pfi=uw. 



BROOKHAVEN NATIONAL LABORATORY 

MEMORANDUM 

DATE: Febmary 3, 1954 

SUBJECT: aata on the slug Rupture which 

As is well known by now, the meteorological conditions on Thea day were 
such that any actitity from the reactor stack uas carried in the direction of . 
StationE-'?whichislocatedat321° fromthe stackata distance ofabout 
2500 meters. &fore the slug rupture occurred, roof counters at this location 
indicated the usual activity detected at this distance, downwind from the reactor 
Stick. 

The two graphs included below are plots of the actiPitp picked up on the 
filter ppr as a function of time, the time plotted being the time of collection. 
Using this data and assuming an overall countingefficiencyofl@,itiS estimated 
that 0.17 Ctcuries of actltity was detected with the dust monitor during the 
29+ourperiodbracketingthe slug rupture. This total actiplty was filtered 
from 197 cubic meters of air (assumed rate of fl ~=4 c.f.m.). The average 
rate of arrivnl of activity is roughly 0.86 x 10 
rate is 1.3 x 10-u curies/cc. 

curies/cc; while the peak 
These results are not corrected for decay during 

the 4-l/2 hours between collection and counting tS.me. 
. 

The most active segment of the filter paper uaa removed from the roll for 
further analysis. A half-life checkreveals a short-Uved componentorcomponents 
of the order of 18 hours with a fairly cl 
T1/2 = 8+ days. This, of course, suggests I =-c..i~~half-llved&~~: 2: 
further substantiation of this hypothesis, ti gamma spectrum was obtained on the 
gray-wedge machineanda veryprominentlfneatabout 36OZ3vuas noted super- 
imposed on the more 
to be expected if 3% I 

r leas familiar mixed fission products spectrum. This is 
is the element responsible. Ihtensities on the spectrum 

picture indicate that this tie is by-far the major contributor to the acti*ty 
present on the paper, 

Steve=1 snow samples were also picked up at various recommended locations 
with the following results. It seems as if the act%vitg was contied to a rather 
narrow sector with the madmum near the perimeter of the Isbo~~~tory where E-7 is 
located. 

Iocation where San e 
Was Taken (horn Stack p' Activi in 

Bearing - 
&ztface Iire2 Sunpled 

in meters -&ML 
321O 2500 meter8 .56 
316 5750 

:2 

13,852 
155 

3= . 6200 

E 

‘5900 
1,538 

2070 :2 
1,670 

laG0 
below stack :Z 

;*ziT 
' 83 

cc: JAB. Kupr IIC-3 



AKOUMTOFACTIVITYEXHAUSTED THIXWGHl'HEPILESTACK 

m7/51, 
from 

austo1ol9 

1019 to la47 

1047 to 1305 

l305tQ1542 

1542 to 1751 

17% to PO1 
23.0X to 0230 (l/18/54) 

02JOto 0858 * 

.0?2 tzlaiss 

x9735 

.200 

4288 

.JM 

l 96 
,129 

.Ul 

Total activit;y for the period was 2.4 curie8 

The above amounts of activity in the stack effluent were computed on the basis 

of a ssmpl3.1~ rate of 6.2 cfm. 
2.5 CFm, 

The smpllng rate as measured on 2/2/s& wu 

A correction factor of 6.212.5 = 2.48 should therefore be applied to 

the ab0v8 fig112~ as well as to thq WXdinat~of the graph, 



EROOKWWEN NATIONAL LABORATORY 

MEMORANDUlVi 

DA'IE: August 2, 1954 

Somedifflc~tyhaabeen encounteredin gettingthenewlaundry roominto 
proper operation. Anumberof thepeopleusingths eastlorkerroomseemto fe82, 
tbattby~ebtiing bq~08edupon inbeingrequ8st8d to plscetheir lab clot&q 
latheMap8r3 inthelock~rroam. Asar8sult,sev~ofth8mhaveb88n~ 
theirclothiagonthe floor of the lockerroomat th8placeUh8Z'e ti8haQe3-S used 
to be, Ihis situation hsqb8en c#.led t0 &weZl% attestian‘sndhehasissued a 
133~0 6n'the subj8cto Sqfarthiehas doneno good. Whatsteps canbe takeuto 
cur8tNiprohlemerenotasyetclear. llhesituat&0nisadmitt8dlyunuieldyat 
the 8ndofthe dsy shift, Them3 is toomuchtraff%C at this t&Ji@ for tieSi of 
the &3W&'JYrOopl. ~istlioughtthatth@probl8mmrightbe easedbpa&miq 
dlOthingImd~~~phrk,be~~tothelO~~f~chaa~,~~ch~8 
diXty&+%ngis to bep&xcedinth@ham$~W3. 

. 
Qa JtiI.y 6th sqother rupture occurred. It was evident that it was a fairly 

l%druptme88 ifttippeda:nrrmberofthebulldlngradiationmbnit6rs, Thesue-' 
petted cllanlld was probed. ‘wht3nui~~to#@chargfngface,thepbwas 
foundtowsdnmre tbsnUOir/irr at3 feet. Tim probe was hastily shoved back 
iUtOthep&nIJEI auduas then daschargedtito tb8 Cal&- Ihe C8ri~idg8 UasdfS- 
chargeduithremrk&ly3ittle difficul.iqandrelaffvelysmall anmunte of con-- 
ti01~. fillowing fhe work, the highest splear on th8 pile tap ~8s 8300 c/m. 

sincethe ~L@XIP@ was dis&erg8dfnmid-afknoou ofaweekday,relatively 
strict traffic control was thought to be necessary. To accompl%sh this, the 
persormelelewforuss~gedo~and~emainsvftEhopened. Tiiotrabee3uere 
post8datthe entrance to the chmgingar8ato pmv8atentrp ofunauthorised 
personael,andI t0 checkthe‘shfft p8rsonuel for contsminationGponl8avingthe 
area. As a result, only the south IlO~'became contemfnated. It is planed to . 
use a similar settpfor future ruptures, 

Qminstance of ra%$ar serzLous c&amination occurred. Binns &d Zones sorted 
~~anumberofio~~tion~~whichwere storedinashieldjntheins&u- 
Blent room. ‘These chsmbera h+d bwninthepile foi-various lengths oftimeandhad 
hadvarious&%llountsof~~. The fact that the Chsmbershadbeenuarrapped8nd 
mov8daboutuasnotkDoun to&P. untir4or 5dsys lateruhensmars intberocm 
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Path of Reactor Effluent Plume 

1925 E - 2000 E 

May 2. 1956 
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.3f0aotEhilllpEtocown -2- aeh 25, 19!n 

* 3.67 x ld ft3/b 



2l 5/k/% &!m 3.6 u* 0.8 a* 0.6 a* 0.32 eIw) - 

22 5hv56 37.m &I* l3* lo+ - 2.5* 

25 m!v57 I&= 72 x.53* 1s+ 0.63+ - 
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